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 Короткий огляд. Проведено розрахунок силової та освітлювальної 
мереж електропостачання столярного цеху деревообробного заводу. 
Здійснено розрахунок потужності та обрано трансформатор цехової 
трансформаторної підстанції. Також розраховано необхідну кількість 
світильників для забезпечення мінімальної освітленості робочої поверхні в 
столярному цеху. Розраховані перерізи кабелів та проводів силової мережі 
живлення, мережі розподілу та освітлювальної мережі цеху. Виконано 
розрахунок струмів трифазного та однофазного короткого замикання, в 
різних точках системи електропостачання цеху. Для захисту мереж живлення 
обрані типи та характеристики автоматичних вимикачів. Здійснено 
узгодження пристроїв захисту з перерізом кабелів та проводів мережі 
електропостачання цеху. Здійснено вибір та розрахунок необхідного контуру 
заземлення. Розглянуто питання з охорони праці, пожежної безпеки та 
розраховано освітлювальну установку з використанням LED ламп їх 
кількість та розміщення в цеху. Виконано порівняльний техніко - 
економічний аналіз при використанні двох типів світильників. 
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ВАТ – відкрите акціонерне товариство; 
ГПП – головна понижувальна підстанція; 
ДЖ – джерело живлення; 
ЕА – електричний апарат; 
ЕД – електродвигун; 
ЕМ – електрична мережа; 
ЕО – електрообладнання; 
ЕП – електричний приймач; 
ЕС – енергосистема; 
ЕУ – електроустановка; 
ЗП – заземлюючий пристрій; 
КБ – конденсаторна батарея; 
КЗ – коротке замикання; 
ККД – коефіцієнт корисної дії; 
ККУ – комплектні конденсаторні установки; 
КЛ – кабельна лінія; 
КУ – конденсаторна установка; 
ЛЕП – лінія електропередачи: 
HH – низька напруга; 
ПЗ – пристрій заземлення; 
ПС – підстанція; 
ПУЕ – правила улаштування електрообладнання; 
РП – розподільний пункт; 
СЕП – система електропостачання; 
СРШ – силова розподільна шафа; 
ТВ – тривалість вмикання; 
ТП – трансформаторна підстанція; 
ТС – трансформатор струму; 
ЦТП – цехова трансформаторна підстанція; 
ЩАО – щиток аварійного освітлення; 
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BCTyn
CncTeMoro eaeKTponoCTaaaHHa Ha3HBaroTb CyKynHiCTb npncTpoiB gaa 
BHpoÖHH^TBa, nepegaai Ta po3nogiay eaeKTpnaHoi eHeprii.
OcoönHBicTW CHCTeMH eaeKTponoCTaaaHHa e Te rn,o, HeMo^aHBo ctbophth 
3anacH npogyKTy, aKHH BHKopHCTOByeTbCa - eaeKTpoeHeprii. Bca oTpHMam 
eaeKTpoeHeprii Bigpa3y Cno^HBaeTbCa. y  pa3i BHHHKHeHHa HenepegöaayBaHHx 
CTpnÖKiB noTy^HOCTi, HeoöxigHa mBHgKa p e a w a  CHCTeMH KepyBaHHa, aKa 
3MO^e KoMneHcyBaTH npoöaeMy (ge^eKT), rn,o bhhhk.
Big HagiÖHocTi Ta 6e3nepe6ifiHocTi b eaeKTponoCTaaaHHa 3aae^HTb poöoTa 
nignpneMCTBa. roaoBHow MeTow gaa e^eKTHBHoro ^yH^ioHyBaHHa
nignpneMCTBa, e cxeMa eaeKTponoCTaaaHHa, aKa noBHHHa 3aöe3neayBaTH 
BignoBigHHH piBeHb HagiÖHoCTi Ta 6e3neKH.
3a CTpyKTypow hh ^pHH^H^OM poöora, xapaKTepy BCTaHoBaeHoro 
oöaagHaHHa CHCTeMa eaeKTponoCTaaaHHa nponoHye BHKopncTaHHa 
aBToMaTH3a^i, rn,o go3BoaHTb nigBHffl,HTH HagiÖHiCTb Ta 6e3neKy poöora CHCTeMH 
Ta ii oÖCayroByBaHHa. noTpiÖHHH piBeHb HagiÖHoCTi Ta 6e3neKH CxeMH 
eaeKTponoCTanaHHa 3aöe3neayeTbCa CypoBHM goTpHMaHHaM npn BHÖopi 
oöaagHaHHa Ta eaeMemiB 3axHCTy HopM i npaBHa, aKi onHCarn B n y E , CHinax 
Ta rOCTax.
npo^iaeM npoeKTyeMoro nignpneMCTBa, a CaMe gepeBooöpoÖHoro 3aBogy, e: 
BHroToBaeHHa CyaaCHHx BiKoHHHx Ta gBepHHx öaoKiB, MmxiMHaTHHx gBepeö, 
gepeB’aHHx npo^iabHHx MaTepiaaiB, MeöaeBoi Ta CToaapHoi npogyKgii.
Ha nignpneMCTBi BHKopHCTOByeTbCa TexHoaorii Ta oöaagHaHHa
3aKopgoHHHx ^ipM, eKoaoriHHo hhcT  Cepra^iKoBarn CHpoBHHHi MaTepiaan.
1 3ArA^bHI BIAOMOCTI nPO ni^nPHCMCTBO
1.1 Kopotkhh onuc TexHÔ oriHHHx npo^ciB
Ao npoMHcnoBOCTi BigHocaTbca gepeBooöpoöHi nignpneMCTBa, rn,o 
BHnycKawTt ranpoKHH acopTHMeHT BHpoöiB 3 gepeBHHH. CnpoBHHoro gna 
nignpneMCTB e gepeBHHa, rn,o HagxogHTb 3 chpobhhhhx öip®:. Ao CKnagy BenHKHx 
gepeBooöpoöHHx nignpneMCTB BxogHTb KinbKa bhpoöhh^ tb, aKi ^pa^roroTb aK b 
KoMnneKCHifi TexHonoriHHiö cxeMi nignpneMCTBa, TaK i BHnycKawTb acopTHMeHT 
n p o g y w i BnacHHx bhpoöhh^ tb (MiHi 3aBogn).
B aKocTi oö’eKTa gna MaricTepcbKoi poöora po3raagaeTbca gepeBooöpoöHHH 
3aBog y MicTi KoHoTon, 3acHoBaHHH y 1982 po^ . KoHoToncbKHH 
gepeBooöpoÖHHH 3aBog po3TaraoBaHHH 3 a agpecoro: CyMcbKa oön., m. KoHoTon, 
Byn. KoTHapeBctKoro, 1. 3aBog npagroe nnrae B ogHy 3MiHy, n ’aTb gHiB Ha 
TH^geHb, 3 800 -  1600 rogHHH. KinbKicTb ^pa^wwHO^o nepcoHana Hamnye 
100 ociö.
3aBog y cBoeMy nignopagKyBaHHi Mae geKinbHa HeBenHKHx ^xiB . Ao 
ronoBHHx ^x iB  gepeBooöpoÖHoro 3aBogy, aKi BHnycKawTb npogyw ro, mo^ ho 
BigHecTH TaKi, aK: mcopo3nHHMBanbHHH ^ x ,  no BHpoÖHH^TBy BiKoHHHx önoKiB, 
cTonapHHH , nimi ^apöyBaHHa Ta cyrannbHHH ^ x .
^iconnnbHHH ^ x  3aHMaeTbca oöpoöKoro cnpoBHHHoi gepeBHHH ^ x  
oönagHaHHfi: paMHHMH nnnopaMaMH, KonogonnnbHi gncKoBi BepcTaTH, cTpiwoBi 
ropH3oHTanbHi nnnopaMH, cTpiwoBi BepTHKanbHi nnnopaMH, oönagHaHHa gna 
BHpoöHH^TBa o^HHiHgpoBaHHx Konog, öaraTonnnbHi BepcTaTH, KpoMKooöpi3Hi 
BepcTaTH, Top^BooTpe3Hi cTaHKH. n p o g y w a , rn,o BHnycKaeTbca ToBapHa 
n p o g y w a ^ x y  - He oöpi3Ha i oöpi3Ha goraKa pi3Hoi tob^ hhh, öpyc pi3HHx 
po3MipiB, 3aroToBKH gna cTonapHoro BHpoöHH^TBa. Bigxogn BHpoöHH^TBa -  
ropönnb, gepeBHa THpca [1].
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Ochobhhmh eaeKTponpHÖMaa ^ x y  e gepeBooöpoörn BepcTara, cncTeMa 
nnaoBaoBaroBaHHa i nnaoBHgaaeHHa, cncreMa BeHTHaagii. noTy^HiCTt BepcTaTiB 
npn Hanpy3i Mepe^i 0,4 kB CTaHOBHTt coTHi kBt. Pe^HM poöoTH TpHBaanö aöo 
noBTopHO KopoTKonacHHH. KaTeropia eaeKTponocTaaaHHa 2 -  3. Ymobh 
cepegoBHrn,a -  TexHoaoriHHa nna. KaTeropia po3Mirn,eHHa eaeKTpooöaagHaHHa 
2 -  3. CTyniHb 3axncTy eaeKTpooöaagHaHHa -  IP51 [2].
y  aiconnabHoMy ^ x y  BcTaHoBaeHa noTy^HiCTb aKoro 200 kBt, 
po3nnawwTb aic -  KpyraaK Ha öpyc, gomKH, peÖKH. r otobhh MaTepiaa hh 
n p o g y w a 3aBaHTa^yeTbca b aBToMoöiab i TpaHcnopTyeTtca Ha oö’eKT, ge 
npoBogaTbca öygiBeabHi poöoTH.
CToaapHHH ^ x  3aöe3neaye 3aroTOBKaMH Ta BHpoöaMH oöaH^roBaabHHH ^ x  
BHpoÖHH^TBa Ta BHnycKae pi3Hy CToaapHy npogyw ro. Chpobhhom gaa ^ x y  e 
cyxa gepeBHHa 3 nigroToBHoro npoBag^eHHa i 3aroTOBKH i oKpeMi BHpoÖH. ^ x  
ocHa^eHHH BeaHKow KiabKic™ BepcTaTiB pi3Horo nproHaaeHHa. Ochobh 3 hhx: 
ToKapHi, CBepganabHi, $pe3eprn, ^yroBaabHi, mai^yBaabHi, mnnopi3Hi, 
KoMÖiHoBaHi. npncyTHi h iHmi cne^aai3oBarn gepeBooöpoÖHi BepcTaTH i 
npeca. OcHoBHi eaeKTponpHÖMaai ^ x y : npHBogy pi3HHx gepeBooöpoÖHHx 
BepcTaTiB, cymnabHi KaMepn, BHTa^Ha i npnnaHBHa Bernuaa^a. noTy^HicTb 
BepcTaTiB i npeciB 5 -  180 kBt, Hanpyra ^HBaeHHa 0,4 kB. KaTeropia 
eaeKTponocTaaaHHa -  2 -  3. yMoBH cepegoBHrn,a - TexHoaoriHHa nna. KaTeropia 
po3Mirn,eHHa eaeKTpooöaagHaHHa -  4. CTyniHb 3axncTy eaeKTpooöaagHaHHa 
IP50 [2].
Ao gpyroi KaTeropii HagiÖHocTi no eaeKTponocTaaaHHM BigHocaTbca: 
BHpoÖHHai aiHii aiconnabHoro ^ x y , ^ x y  no BHpoÖHH^TBy BiKoHHHx öaoKiB, 
TexHoaoriHHi ycTaHoBKH aiHii ^apöyBaHb, cToaapHHÖ ^ x .
Tarn«: Ha nignpneMcTBi e cymnabHHÖ ^ x ,  noTy^Hic™ (150 kBt), aKHÖ 
nepegöaaeHHH gaa cymiHHa MaTepiaay go Ta nicaa noro oöpoÖKH. CnpHÖ 
nnaoMaTepiaa 3 aiconnabHoro ^ x y  niggaeTbca cymiHHW. Ao cKaagy KoMnaeKcy 
cymnabHoro oöaagHaHHa BxogaTb: öaoKH cymnabHHx KaMep; aiHia ocTaToHHoi
oöpoÖKu cyxux nuaoMaTepiaaiB; MafigaHauK gaa po3Mim,eHHa öy^epHoro 3anacy 
cupux mTaöeaiB; HaBicu gaa 3ÖepiraHHa cyxux naKeTiB.
y  cymuabmö ö a o ^  BcTaHoBawwTbca cne^aabHi cymuabHi KaMepu 
(aBToKaaBu) gBOx TuniB:
-  KOHBeKTHBHi, ge HarpiB noBiTpa 3giöcHweTbca 3a gonoMorow Kaaopu^epiB, 
3 BHKopncTaHHaM b aKocTi TenaoHocia Bogu aöo napu;
-  BaKyyMHi, poöoTa KaMep 3acHoBaHa Ha BaKyyM-KoHBeKTUBHoMy cnocoöi 
cymiHHa. TaKUH cnociö gae Mo^auBicTb npoBoguTu cymKy b M'aKoMy pe^HMi.
Cno^HBarn noTy^HicTb KaMep npu Hanpy3i Mepe^i 380 B, cKaagae öau3bKo 
30 -  600 kBt. Ochobhhmh eaeKTponpuHMaa ^ x y  e cymuabHi KaMepu, cucTeMa 
BeHTuaagii. KaTeropia eaeKTponocTaaaHHa 2 -  3. yMoBu cepegoBuma -  BnauB 
nigBumeHoi TeMnepaTypu. KaTeropia po3Mim,eHHa eaeKTpooöaagHaHHa -  3 (4). 
CTyniHb 3axucTy eaeKTpooöaagHaHHa -  IP 50 [2].
^onoMmm ^ x u  i cay^öu. ^onoMmrn ^ x u  gepeBooöpoÖHux nignpueMcTB 
npu3Haaem gaa 3aöe3neaeHHa öe3nepeöiHHoi poöoTu TexHoaoriaHux ycTaHoBoK 
Bcix BupoÖHugrB. y  rpyni gonoMrnHux ^x iB  ochobhhmh e: KoTeabHa, 
KoMnpecopHa i HacocHa c ra ^ i i ,  ^rnpaabHo-3aBogcbKa aaöopaTopia, 
TpaHcnopTHHH ^ x u  (aBToöa3a), ^ x  norpy3Ku totoboi npogyKgii.
Ha TepuTopii nignpueMcTBa 3HaxoguTbca KoMnpecopHa, BcTaHoBaeHa 
noTy^HicTb aKoi 60 kBt. KoMnpecopHUH ^ x  po3TamoBaHUH b oKpeMoMy 
npuMimeHHi, ocHameHHH KoMnpecopaMu HiMe^Koro BupoÖHugrBa. BiH nogae 
cTucHeHe noBiTpa Ha M i^e, ge BunpoöoBywTbca öaoKu, naHeai, nepeKpuTTa. Ha 
nignpueMcTBi ^yH^ioHye KoTeabHa, BcTaHoBaeHa noTy^HicTb aKoi 20 kBt, 
3aöe3neaye oöirpiB npuMimeHb b xoaogHy nopy poKy, a ^ a u ö  piK 3aöe3neaye 
rapaaow Bogow gaa BaacHux noTpeö.
^onoMmm cay^öu: agMiHicTpaTHBHo-TexHiaHa cay^öa, cay^öa oxopoHu 
oö'eKTiB, agMiHicTpaTUBHo-rocnogapcbKa cay^öa.
OcHoBHe oöaagHaHHa ^x iB  i cay^ö: KoMnpecopu, Hacocu, MeTaaooöpoÖHi 
BepcTaTu, cne^aai3oBarn ycTaHoBKu i npuaagu xiMiaHux Ta eaeKTpoTexHiaHux 
aaöopaTopia, cucTeMu BUTa^Hoi i npuToaHoi Bem uaa^i. KaTeropia npuHMaaiB 3
eaeKTponocTaaaHHa - 3. Ymobh cepegoBHrn,a - HopMaatHi. KaTeropia po3Mirn,eHHa 
oöaagHaHHa -  3 (4). Orynern 3axncTy eaeKTpooöaagHaHHa -  IP 00 [2].
OcBrraeHHA b ycix ^ x a x  npapogHe i mTyaHe, BHKopncToByroTtca 
MeTaaoraaoreHHi aaMna Ta aaMna rany .HB.
n p n  npoeKTyBaHHi eaeKTponocTaaaHHa 3aBogy BpaxoByeMo b po3paxyHKax 
Ta BHÖopi eaeKTponpnaagiB TaKi KaiMaTHHHi napaMeTpa: pafioH KaiMaTHHHHx 
yMOB no BiTpy -  II, no roaoaegy -  II, po3paxyHKOBa TeMnepaTypa noBirpa -  
MaKCHMantHa +39°C, MiHiMaatHa -  28°C, aacao rpo3oBHx rogHH Ha piK -  40 -  
45, rpyöma npoMep3aHHa rpyHTy goaarae 68 cm.
Baöip cnocoöy npoKaagaHHa npoBigHHKiB BHKoHyeTtca y BignoBigHocri 3 
n y E . PagiaatHi cxeMH 3a6e3neayroTt BHcoKy HagifirncTt eaeKTponocTaaaHHa. 
OgHaK bohh BHMararoTt BeaHKHx BHTpaT Ha eaeKTpooöaagHaHHa i Morna«:, ToMy 
geaKi cno^HBaai 3a^HBaem MaricTpaatHo Ta pagiaatHo-MaricrpaatHo.
1.2 3araabHi BigoMOCTi npo HasaHTa^eHHa nignpneMCTBa
^HBaeHHa 3aBogy BigöyBaeTtca Big nigcTaH^i «KoHoTon» 35/10 kB. 
Tepuropia 3aBogy npnöaH3Ho 110 x 65 MeTpiB, naorn,a npnöaH3Ho 7 150 m2\
^oB^HHa aiHii ^HBaeHHa 10 km. BpaxoByroaa Tpe™ KaTeropiro 
eaeKTpocno^HBaHHa 3a Hagifirnc™, oö’eKT 3a^HBaweTtca ogHo^nHoro .HEn, 3 
^ xoboi ogHoTpaHc^opMaTopHoi nigcTaH^i, ^HBaeHHa ^ xobhx Mepe^ Ta 
oö’eKTa b ^aoMy, 3gificHweTtca Big ogHoro g^epeaa ^HBaeHHa, rn,o peKoMeHgye
n y E .
Po3MimeHHa cno^HBaaiB nignpaeMcTBa noKa3aHHH b ^ogaTKy A. -  naaH 
po3TamyBaHHa öygiBeat gepeBooöpoÖHoro 3aBogy. HafiMeHyBaHHa ^xiB , 
HoMiHaatHi HaBaHTa^eHHa Ta geaKi po3paxyHKoBi Koe^^ieHTH HaBegeHi b 
Ta ö a a^  1.1.
3 tohkh 3opy TexHoaorii BHpoÖHH^rea icHywTt rpyna TexHoaoriaHo 
3aae^HHx ^xiB , HanpHKaag, KoMnpecopHa npn npanHHeHHi eaeKTponocTaaaHHa 
nepmoro npH3BogHTt go npanHHeHHa poöora gpyroro, b TaKoMy BHnagKy
go^nbHime 3a»nBnHTH TaKi ^ xh MaricTpaabHO, rn,o gacTb 3Mory 3MeHmuTu 
3aTpara Ha cnopyg«:eHHa Ka6eabHHx amm, Kygu BxogHTb pn ira  TpaHmeö i 
6e3nocepegHbo npoKaagKa Ka6earo, aKHM 6yge 3a^HBHeHO toh hh iHmHH ^ x .  
Aae He 3aB^gn TaKe 3a^HBaeHHa MO^e 6yra go^abHHM, ocKiabKH TaKO^ 
noTpiÖHO BpaxoByBara BigcTaHb po3TamyBaHHa gaHHx ^x iB  Big ^ xobhx Tn.
Bnxigm gaHHi npo cno^HBaaiB nignpneMCTBa npegcTaBaeHi y BHraagi 
Ta6an^ 1.1.
T a 6 a n ^  1.1 -  BnxigHi gaHHi npo cno^HBaaiB nignpneMCTBa
m
Ha3Ba ^ x a  
nignpHGMCTBa
n a o m ,a
npHMim£HHfl, M2
P H O M , KBT K b c o s  y
1 2 3 4 5
1 ^ x  m i  CToaapHHM 3 0 0 114 0 ,2 0 ,6
2 ^ x  m 2  aiconHabHHÖ 3 0 0 2 0 0 0 ,9 9 0 ,8
3 ^ x  m 3  a irna n o  
^apöyBaH H i
95 120 0 ,8
0 ,8 5
4 ^ X  m 4  BHpOÖHHgTBO 
BiKOHHHX 6aOKlB
110 6 0 0 ,9 9
0 ,9
5 ^ x  m 5  norpy3KH  
roTOBOi npogyKiiiV
140 35 0 ,9 0
0 ,7 5
6 ^ x  m 6  cymHabHHM 120 150 0 ,9 9 0 ,7
7 KoTeabHa 4 0 2 0 0 ,9 0 0 ,7
8 K oM npecopH a 35 6 0 0 ,7 0 ,8 5
9 ABTo6a3a 2 5 0 12 0 ,8 0 ,7
10 n p o x ig H a 12,5 1 0 ,9 9 0 ,7
11 n ig c o 6 K a 2 0 0 2 0 0 ,8 0 ,7
12 K aagoB a 25 1 0 ,8 0 ,8
13 AgMiHicTpaTHBHa
6 y g iB a a
5 0 10 0 ,9
0 ,7
B cb o r o  n o  nignpHeMCTBy 803
1.3 3araabHi BigoMOCTi npo ^xoBi HaeaHTa:eHHa
^ a a  po3paxyHKy b ganaoMHoMy npoeKTi oöapaeMo CToaapHHÖ ^ x ,  TOMy 
öygeMo po3raagara BigoMocTi npo eaeKTpocno:HBaaiB, c^e^H$iKy Ta ^xoB i 
HaBaHTa:eHHa.
Ochobhow poöoTow CToaapHoro ^ x y  e Bapoöa. n ig  CToaapHHMH BapoöaMH 
po3yMiwTb: BiKHa, gBepi, cxoga, noroHa^Hi Bapoöa (nigaoroBa gomKa, naimyc). 
Haaöiabm xogoBUM ToBapoM e Mm: KiMHaTHi gBepi. ^ x  Mo:e BaroTOBaaTa h 
iHmi Bapoöa 3 gepeBa, HanpuKaag -  CToau, c r ia w , noaaaKa. OgHaK ^  
BapoÖHa^rao He e MacoBHM, ocKiabKu ^H a Ha ^  gepeB’aHi Bapoöa Barn,a, H i: 3 
KoMno3H^ÖHHx MaTepiaaiB (^B n , ^ C n , Torn,o). Ha öygb-aKoMy CToaapHoMy 
BHpoÖHH^TBi noBHHHi öyTu goTpaMam npaBuaa po3Mirn,eHHa BepcTaTiB. 3a 
caoBaMH cne^aaicTiB npegcTaBHa^raa “FELDER - GROUP YKpama”,
nocaigoBHiCTb po3Mirn,eHHa oöaagHaHHa BU3HaaawTb TexHoaoriew BapoÖHa^rea.
B gaHoMy ^ x y  3HaxoguTbca ToKapHo - peBoabBepHaa CTaHoK HoMiHaabHow 
noTy:HocraMH 3,5 kBt. BepcTaTu ToKapHoi rpynu npa3Haaern gaa oöpoÖKu 
3oBHimHix i BHyTpimHix noBepxoHb Tia oöepTaHHa ^aarngpaaHoi, KoHiaHoi i 
^acoHHHx), oöpoÖKu naocKux Top^Bax noBepxoHb (nigpi3aHHa Top^B), 
Hapi3yBaHHa pi3böu i geaKux rnmax poöiT. ^ a a  oöpoÖKu oTBopiB 
BHKopncToBywTbca CBepgaa, 3eHKepu, po3ropTKu Ta iH. roaoBHaa pyx y Bcix 
BepcTaTiB ToKapHoi rpynu - oöepTaHHa 3aroTOBKa. nogaaew e nocTynaabHe 
nepeMi^eHHa iHCTpyMeHTiB y3goB: aöo nonepeK oci mnuHgeaa (no3goB:Ha aöo 
nonepeaHa).
TaKo: B gaHoMy ^ x y  e HacTiabHaa CBepgaaabHaa CTaHoK, aKaa BUKoHye 
pi3aHHa iHCTpyMeHToM, rn,o oöepTaeTbca ( CBepgaoM ) 3 ogHoaacHUM
nepeMi^eHHaM B HanpaMKy, napaaeabHoMy oci oöepTaHHa. n p u  ^oM y 
TpaeKTopia pyxy pi3aHHa aBaae coöow raaHTOBy aiHiw. CBepgaiHHa 
BHKopacToBywTb gaa oTpuMaHHa HacKpi3Hux oTBopiB i rHi3g Kpyraoro nepeTUHy, 
aKi npa3Haaern, HanpuKaag, gaa gepeB’aHux muniB ( mKaHTiB ) an MeTaaiaHux
KpinHabHHx geTaaefi (öoaTiB, cTep^HiB, mypyniB). npH 3apoöaaHHi cyaKiB Ta 
iHmHx ge^eKTiB cBepgaiHHaM ycyBawTb ge^eKTHi giaaHKH i Ha ^  M i^e 
BCTaHOBawwTt gepeB’aHy npoÖKy.
BepcTar ^yryBanbHHH ogHocTopoHHifi CO -  4 npH3HaaeHHfi gaa ^yryBaHHa 
(npaMoaiHifiHoro cTpyraHHa, no3goB^Hboro $pe3epyBaHHa) 3aroTOBOK 3 
gepeBHHH pi3HHx nopig no naoiiiHm i nig KyTOM. BepcTaT 3acTocoByeTbca Ha 
nignpneMCTBax MeöaeBOi i gepeBOOÖpoÖHOi npoMHcaoBocTi.
CTaHHHa BHKOHaHa HBByHHOl, cy^abHOaHTHfi, KOpOÖHaTOl $OpMH, 
BcepegHHi aKOi BcTaHOBaeHHfi eaeKTpogBHryH npHBogy HO^OBoro Baaa. 
OöepTaHHa HO^OBoro Baay nepegaeTbca KaHHOBHMH peMeHaMH. ^ a a  HaTary 
peMeHiB nepegöaaeHO BepTHKaabHe nepeMimeHHa nogMOTopHOi naHTH. PeMiHHa 
nepegaaa 3aKpHTa m^yxoM. OnopH HO^OBoro Baaa 3MOHTOBaHi b ^aicHOMy 
ö ao ^  3 Big'eMHHMH KpHmKaMH, mo go3Boaae 3hh3hth Mexamam myMH i 
Biöpa^ro Big oöepTaHHa HO^OBoro Baaa. raabMyBaHHa HO^OBoro Baay 
3gificHweTbca aepe3 peMiHHy nepegaay eaeKTpogBHryHOM. nogaaa 3aroTOBOK Ha 
BepcTari 3gificHweTbca BpyaHy. nepegHifi i 3agHifi CToan aBaawTb coöoro 
aaByHHi am i mai^OBam naHTH 3 peöpaMH ®:opcTKocri no HH^Hifi naoiiiHm. 
PeryawBaHHa nepegHboro i 3agHboro CToaiB BepcTaTa no BepTHKaai 
3gificHweTbca 3 a gonoMorow eK^eHTpHKOBHx BaauKiB aepe3 cucTeMy Ba^eaiB i 
Tar 3 npuBogoM Big pyKoaTKH gaa nepegHboro CToay i rBHHTa 3 rafiKOW gaa 
3agHboro CToay. 3 öiaHHx CTopiH CToay BCTaHOBaeHi muTKH. noKa^aHK rauÖHHH 
CTpyraHHa - aiMÖ noMimeHHfi y BiKHi m,HTKa. nepeMimeHHa HanpaMHOi aiHifiKH 
3gificHweTbca BpyaHy. .HmmKa MO^e nepeMimgraca nonepeK CToay b 3aae^Hocri 
Big mHpHHH CTpyraHoro MaTepiaay i MO^e öyTH BCTaHOBaeHa Ha HeoöxigHHfi KyT 
y BepTHKaabHifi naomgrn ( go 45° ). Ha BepcTari e KpyraHfi gByxHO^eBaa Baa 3 
KaHHOBHM KpinaeHHaM HO îB.
fflHpHHa CTpyraHHa Ha BepcTari 40 cm, TOBmHHa mapy, mo 3HiMaeTbca 6 mm, 
giaMeTp HO^OBoro Baaa 125 mm, giaMeTp pi3aHHa 128 mm, aHcao HO^iB Ha Baay
2, noTy^rncTb eneKTpogBHryHa ho^ oboto Bana 2,8 kBt, hhcho oöepTiB ho^ oboto 
Bana b xBHHHHy 5000, Bara BepcTaTa 620 Kr [1,3].
fflni^yBantHHH BepcTaT npH3HaneHHH gna KamöpyBaHHA (BHpiBHMBaHHA 
3arOTOBOK 3a TOBrnum) i mm^yBaHHA (ogep^aHHA HeoöxigHOi mOpcTKOCTi 
noBepxrn) nnnmuH 3arOTOBOK. BiH BHKopncTOByeTbcfl mni^yBaHHa MacHBy 
gepeBHHH pi3HHx nOpig ( M'aKi -  COCHa, anHHa; TBepgi -  gyö, 6epe3a i T.g), 
mni^yBaHHa no^apöoBaHHx nOBepxOHb (rpyHT, naK, $ap6a). fflni^yBanbHO - 
KamöpoBanbm BepcTara 3acTOCOBywTbca b HacTynHHx BHgax bhpoöhh^ tb: 
crinb^, ctohh, gBepi, BiKHa, nigBiKOHHa, noroHä«:, i T.g.
Texmnm gaHHi mni^yBanbHoro BepcTaTa: BHcoTa ^rnp iB  240 mm; 
Haöömbmi po3Mipn mm^yBaHHA (giaMeTp) 400 mm; po3Mipn OTBOpy, rn,o 
mni^yeTbca 30 -  200 mm.; giana3OH mBHgKocTeö nepeMim,eHHA 0,05 -
5,0 mm; HafiömbmHH KyT nOBOpOTy BepxHbOrO cTony 3a rogHHHHKOBOi 
CTpinKOW 30 (rpag); HaöörnbmHH KyT nOBOpOTy BepxHbOrO cTony npora 
rOgHHHHKOBOi CTpinKH - 80; nacTOTa oöepTaHHa BHpoöy 25 - 300 oö/xb; 
HaööinbmHH KyT nOBOpOTy 3a rogHHHHKOBOi CTpinKOW 300; HaöörnbmHH KyT 
nOBOpOTy npoTH rogHHHHKOBOi CTpinKH 900; noTy^HiCTb eneKTpogBHryHa 
npHBogy BHpoÖH 1,5 kBt; po3Mipn mm^yBanbHoro Kpyra 600 x 80 x 305 
mm; mBHgKiCTb pi3aHHa 50 m/c; nepiogHHHa nogana 0,001 - 0,05 mm [3].
noTy^rncTb eneKTpogBHryHa npHBogy Kona 11 kBt; noTy^HiCTb 
eneKTpogBHryHa npHBogy BHyTpimHbomm^yBanbHoro npncTOcyBaHHa 1,1 kBt. 
iHmi - 4.7 kBt. CyMapHa noTy^HiCTb eneKTpogBHrymB BCTaHOBneHHx Ha BepcTaTi
18,3 kBt. raöapHTHi po3Mipn BepcTaTa: 5290/2580/2220 mm. Maca BepcTaTa 
7560Kr [3].
fflnnopi3HHH BepcTaT Mogeni fflCK - 500 - M 3a öa^aHH^M MO^e Mara 
HepyxoMHH aöo pyxnHBHH mnHHgenb, nocTaBnarncfl 3 pyxoMHM mnHHgeneM i 
nymep, aöo ^  gonoBHeHHH po3BopoTHHM ctohom nopag 3 pyxoMHM mnHHgeneM i 
nymep.
^arn BapiaHTu go3BonamTb BuöpaTu caMe Ty KoMnneKTa^m, aKa BignoBigae 
BamHM BHMoraM i yMOBaM poöoTu. Ochobhum npu3HaneHHaM munopi3Horo 
BepcTaTa e $pe3epyBaHHa MiHinmn Ha Top^ax gepeBHux 3aroToBoK nepeTuHoM 
naKeTa go 155 x 500 mm, m,o nacTo noTpiöHo b gepeBooöpoöHoMy BupoöHu^TBi.
BepcTaT po3paxoBaHHH Ha pi3Hy HaBaHTa®eHHa, nonuHamnu 3 gpiöHux, 
3aKiHHyWHH BenHKHMH BupoöHu^rBaMu.
npogyKTHBHicTb munopi3Horo BepcTaTa npoxigHoro Tuny fflCK 500 - M 
CTaHoBHTt 250 - 500 noroHHux MeTpiB Ha roguHy aöo ® 2 - 3 ^HKay b xBunuHy. 
Haööinbma BucoTa naKeTa gom,oK 150 mm. HTBugKicTb nogani 0 - 25 MeTpiB b 
xBunuHy. ^iaMeTp $pe3u 125 ^  160 (3,8 x 10) mm. ^ucno oöopoTiB mnuHgeaa 
5800 oö/xb. ^iaMeTp nocagKoBoro M ic^ mg $pe3y 40 mm. ^iaMeTp nuau 
Top^mBaHHa 250 mm. ^ucno oöopoTiB nuau Top^roBaHHa 2850 oöopoTiB b 
xBunuHy. raöapuTHi po3Mipu: goB®uHa 2100, mupuHa 1950, BucoTa 1450 mm. 
BcTaHoBneHa noTy®HicTb: noTy®HicTb npuBogy $pe3epHoro mnrngena -  
7,5 kBt; noTy^HicTb npuBogy Top^Boi nunu -  3 kBt; noTy®HicTb npuBogy 
noganu KapeTKu 0.55 kBt. Maca 950 Kr [1,3].
Ope3epHufi BepcTaTu Mogeai 6 P81, npu3Hanem gaa BuKoHaHHa 
pi3HoMaHiTHuX $pe3epHuX poÖiT ^H îHgpHHHHMH, TOp^BuMu, KiH^BuMu, 
^acoHHuMu Ta iHmuMu $pe3aMu.
Po3Mipu poöonoi noBepxHi cToaa, 1000 x 250 mm. ^ucno T - oöpa3Hux na3iB 
cTony -  4. BigcTaHb Mi®; T - oöpa3HuMu na3aMu, 50 mm. BigcTaHb Big oci 
mnuHgeaa go poöonoi noBepxHi cToaa, 50 -  440 mm. BigcTaHb Big oci 
roproomaabHoro mnuHgeaa go xoöoTa (noB3yHa), 138 mm. BigcTaHb Big T op^  
mnuHgeaa go T op^  nigTpuMKu, 580 mm. nepeMim,eHHa cToay, no3goB®He 
710 mm, nonepenHe 250 mm, BepTuKaabHe 390 mm. nepeMim,eHHa cToay Ha oguH 
noBopoT aiMÖa, no3goB®He, nonepenHe 6 mm, BepraKanbHe 2 mm.
^ucno cTyneHiB oöepTaHHa mnuHgeaa roprooHTanbHoro Ta
BepTuKaabHoro 21. ^acTOTa oöepTaHHa mnuHgeaa: roprooHTanbHoro aöo 
BepTuKaabHoro 16 - 1600 oö/xb. ^ucno nogan cToay 16. Poöona nogana cToaa,
no3goB^Ha 35 - 1020 mm/xb, nonepeaHa 27 - 7910 mm/xb, BepTHKaatHa 8 - 264 
mm/xb. UlBugKe nepeMirn,eHHa CToaa no3goB^He 2900 mm/xb, nonepeaHe 2300 
mm/xb, BepTHKantHe 765 mm/xb. flonycthmhh giaMeTp $pe3, ropa3oHTaatHoro i 
BepTHKantHoro mnuHgeaiB 125 mm. KiatKicTt eaeKTpogBHrymB Ha BepcraTi - 3. 
CyMapHa noTy^HicTt, 12,8 kBt. raöapaTH 2135 x 1725 x 1695 mm. Maca -  
2300 Kr [3].
Biaa gByx 30BHimHix CTiH npHMirn,eHHa po3TamoBaHO gBa bht^ ^ hhx 
BeHTHaaTopa, gaa ohhctkh noBiTpa, noTy^rnc™  no 2 kBt ko^ hhh. CncTeM 
acmpagii gepeBo - BapoÖHHaax npHMirn,eHt 3acHoBaHHH Ha HopMax KpaTHocTi 
noBnpooÖMmy no CH in 41.01.2003 i 3aöe3neayeTtca oöaagHaHHaM gga 
3MimyBaHHa npapogHoi Ta mTyaHoi BeHTHaa^i 3 nigirpiBoM aöo oxoaog^eHHaM 
noBiTpa. Ha aiHiax no gepeBooöpoö^ BeHTHaa^a BHMarae BKaroaeHHa B 
npoeKTHy cxeMy -  BeHTHaaTopiB Ta iHmoro oöaagHaHHa gaa npoxog^eHHa 
caHiTapHo -  ririemaHoro Kompoaro, rn,o BignoBigae xapaKTepacTHKaM i 
BHMoraM B ^fl.
Po3TamyBaHHa eaeKTpaaHoro oöaagHaHHa B CToaapHoMy ^ x y
gepeBooöpoÖHoro 3aBogy 3oöpa^;eHo b flogaTKy B. Cno^aBam noTy^Hocri, 
HaÖMeHyBaHHa oöaagHaHHa, Koe^^ieH KopucHoi gii, KiatKicTt
eaeKTponpaaMaaiB Ta geaKi po3paxyHKoBi Koe^^ieHTH eaeKTponpaaMaaiB (En) 
3BegeHi go Taöaa^ 1.2 -  nacnopTHi gam caaoBax eaeKTponpaaMaaiB 
CToaapHoro ^ x y .
Ochobhhmh cno^HBanaMH eaeKTpoeHeprii aBaawTtca eaeKTpogBaryHa, aae 
B ^ x y  TaKo^ e Mepe^a ocBiTaeHHa, aKa cno^aBae HeBeauKy KiatKicTt 
eaeKTpoeHeprifi.




















m E2v  spt, pq
<uo
1 BepCTaT TOKapHHH THOA2 3,5 3 10,5 0,5 0,14






























7 BeHTHH^TOp BHTfl̂ HHH - 2 2 4 0,8 0,6
8 OcBiTneHHa - 0,25 12 3 0,5 0,85
2 P03PAXYH0K E^EKTPHHHHX HABAHTA^EHb TTEXY
Po3paxyHKOBe HaBaHTmeHHa cno^HBaaa aöo eaeMerna Mepe^i (aKTHBHe Pp, 
peaKTHBHe Qp, noBHe Sp, CTpyM Ip ) HeoöxigHe: gaa BHÖopy nepepi3y 
CTpyMonpoBigHHx aacTHH (KaöeaiB, mHHonpoBogiB, npoBogiB, to^ o), 
HOMmantHoro CTpyMy eaeKTpo anapaTiB, noTy^HOCTi cnaoBHx TpaHc^opMaTopiB, 
npHCTpoiB KoMneHca^i peaKTHBHoi noTy^Hocri i nepeTBoproBaaiB, gaa 
BH3HaneHHa BTpaT i BigxnaeHb Hanpyrn, BTpaT noTy^HocTi Ta eaeKTpoeHeprii.
Ko^eH E n  xapaKTeproyeTbca HoMrnaabHHMH napaMeTpaMH, aKi 
3aöe3nenywTb HoMy HaHöiabmnH Koe^i^eHT KopncHoi gii (KK^) Ta raparnyroTb 
6e3BigMoBHy Horo poöoTy npoTaroM rapaHToBaHoro CTpoKy. Ochobhow 
xapaKTepncTHKoro Ko^Horo E n  e Horo HoMiHaabHa noTy^HiCTb (yKa3aHa b 
nacnopTi), Ha aKy BiH po3paxoBaHHH npn TpHBaaoMy pe^HMi poöoTH i 3a imiiHx 
HoMiHaabHHx napaMeTpiB, aK:
-  Hanpyra;
-  nacToTa CTpyMy;
-  Koe^i^eHT noTy^HocTi.
nycKoBHH Ta niKoBHH CTpyMH HeoöxigHi gaa BHÖopy ycTaBoK 
po3nenawBaniB aBToMaTiB Ta naaBKHx BCTaBoK 3anoömHHKiB, BH3HaaeHHa 
po3Maxy 3MiHH Hanpyrn gaa o^ hkh gonycTHMocTi KoaHBaHb Hanpyra Ta 
nepeBipKH Mo^aHBocTi caMo3anycKy E^. niKoBHH CTpyM - ^  MaKCHMaabHHH 
KopoTKoaacHHH cTpyM TpHBaaicTW b KiabKa ceKyHg.
^ a a  BH3HaaeHHa po3paxyHKoBoro HaBaara^eHHa cnaoBHx 
eaeKTponpHHMaaiB po3paxyeno ix BcTaHoBaeHy (HoMiHaabHy) noTy^HicTb:
-  gaa eaeKTponpHBogy gepeBooöpoÖHHx BepcTaTiB, aKi ^pa^wwTb b 
TpHBaaoMy pe^HMi poöoTH HoMiHaabHa noTy^HicTb BignoBigae cyMi nacnopTHHx 
gaHHx gBHryHiB:
n
P HOM ~  P hOmJ ’ (2 1 )
i=1
ge n -  KiabKicTb eaeKTpogBHryHiB BepcTaTa;
p HOM,i -  HOMmantHa aKTHBHa noTyeHicTb i-ro eaeKTpogBHryHa, kBt;
Koe^^ieHT noTy^HOCTi Ta Koe^^ieHT KopncHoi gii eaeKTponpHBogiB 
gepeBooöpoÖHHx BepcTaTiB BH3HaaaeMo aK cepegHi 3HaaeHHa BignoBigHHx 
nacnopTHHx c o s p  Ta KK^ oKpeMHx eaeKTpogBHryrnB, rn,o BxogaTb go CKaagy 
eaeKTponpHBogy:
n
cos^ = X  cos / n , (2 .2 )
i=1
n
y  =  Y f l i / n  , (2 .3 )
i=i
TaKHM hhhom, cnnpawHHCb Ha BHpa3 (2.1) BH3HaaaeMo HoMrnaabHH 
noTy^HiCTt eaeKTponpHBogy $pe3epHoro BepcTaTa (E n  N°3):
P hom =  4,3+5+3,5=12,8 kBt.
K oe^^ieH T noTy^Hocri Ta Koe^^ieHT KopncHoi gii (KK^)
eaeKTponpHBogy $pe3epHoro BepcTaTa po3paxoByeMo 3a ^opMyaoro (2.2), (2.3):
0,5 + 0,5 + 0,5
COŜ OM3 =------- --------  = 0,5
84 + 85 + 88 _ ,
VHoM3 = ------ -------  = 85,6
AHaaoriaHo po3paxoByeMo HoMmaabHi noTy^HiCTi, Koe^^iernH
noTy^HocTi Ta Koe^^ieHTH KopncHoi gii eaeKTponpHBogiB gaa imiiHx 
gepeBooöpoÖHHx BepcTaTiB (N°4, N°5, N26), oTpHMaHi 3HaaeHHa 3aHocHMo go 
Taöan^ 2 .1 .
y  npoeKTOBarnn BHyTpimHbo^xoBiö cncTeMi eaeKTponocTaaaHHa, npn 
po3paxyHKy HaBaHTa^eHHa BHgiaawTb Tpn piBHi 3a xapaKTepoM ^opMyBaHHa 
HaBaHTa^eHHa: nepmHH, gpyrnfi Ta TpeTifi.
nepmHH piBeHb eaeKTponocTaaaHHa -  ^  eaeKTpHHHi Mepe^i Hanpyroro 
380 B, aKi npnegHywTb oKpeMHx cnaoBHx cno^HBaaiB go po3nogiabanx ma$.
^pyrHH piBeHb eneKTponocTanaHHA -  ^  eneKTpHnm Mepe^i Hanpyroro 
380 B, AKi ^HBAATb po3nogmbni ma^H Big BBigHoro npncTporo
TpeTifi piBeHb -  ^  KaöenbHa mma, rn,o ^HBHTb BBigHHH po3nogrnbHHH 
npncTpifi Pn.
PiBHi BH3HaneHHfl po3paxyHKOBHx HaBaHTa^eHb HaBegeHi Ha pncyHKy 2.1.
PncyHOK 2.1 -  PiBHi po3paxyHKOBHx HaBaHTa^eHb
2.1 BH3HaneHHH po3paxyHKOBoro CĤ OBoro HaBaHTâ eHHH Ha nepmoMy
pißHi e êKTponocTanaHHH
Ha nepmoMy piBHi eaeKTponocTanaHHA HaBaHTa^eHHA Ha mma (npoBig, 
Kaöenb) CTBopwweTbca ogHHM eneKTponpHHManeM. TaK ak âKTHHHHH 
Koe^^ieHT 3aBaHTä«:eHHa k3 HeBigoMHH, to npn npoeKTyBaHHi npHHMaeMO k3 = 1. 
TaKHM hhhom, 3a po3paxyHKOBe aKTHBHe HaBaHTa^eHHA npHHMaeTbca 
HOMiHanbHa noTy^mcTb eaeKTponpHfiMana npn TB = 1.
Po3paxyHKOBi aKTHBHi Ta peaKTHBHi HaBaHTmeHHa nepmoro piBHa 
eaeKTponocTaaaHHa BH3HaaaeMo 3a ^opMyaaMH:
P p . i =  K  ■ Phom ,  (2.4)
q P. i = Ppi (2.5)
^p.i =  = p p. = + q p. i , (26)
/ p , = ^  (2.7)
v  h o m
ge t g  y  -  BignoBigae nacnopTHOMy 3HaaeHHM Koe^i^eHTa noTy^HOCTi c o s  y ,  
aKe xapaKTepHe gaa gaHoro eaeKTponpHHMaaa.
U hom -  HaMiHantHa Hanpyra eaeKTpnaHoi Mepe^i, U hom =  380 B.
^ a a  $pe3epHoro BepcTaTy (E n N  3, 11, 16) 3a ^opMyaoro (2.4) npn 
npHHHaToMy k 3= 1  po3paxyHKoBe aKTHBHe HaBaHTa^eHHa Ha nepmoMy piBHi 
eaeKTponocTanaHHa:
p p l  =  1-12,8 = 12,8 kBt.
3a ^opMyaoro (2.5) npn npHHHaTOMy K oe^^iem i peaKTHBHoi noTy^HocTi 
t g y  = 1,73, aKHH BignoBigae 3agaHoMy Koe^i^erny aKTHBHoi noTy^HocTi 
c o s y  =  0 , 5 ,  po3paxyHKoBe peaKTHBHe HaBaHTa^eHHa Ha nepmoMy piBHi 
eaeKTponocTanaHHa gaa E n  N  3, 11, 16:
qpl = 12,8 -1,73 = 22,17 KBap.
^ a a  $pe3epHoro BepcTaTa 3a ^opMyaoro (2.6) po3paxyHKoBe noBHe 
HaBaHTa^eHHa Ha nepmoMy piBHi eaeKTponocTaaaHHa:
S pA = ^ l 12,82 + 22,172 = 25,60 kBA.
^ a a  gaHoro eaeKTponpHHMaaa 3a ^opMyaoro (2.7) po3paxyHKoBHH CTpyM 
nepmoro piBHa eaeKTponoCTaaaHHa:
t 25,60 ™ nnI p1 = ^ ------= 38,90 A
p V3 • 0,38 .
HoMmaabHHH CTpyM eaeKTponpHHMaaa BH3HaaaeTbCa ak:
p
T =  _______ H0M ■d ■_______  /O Q\
1HÜM fZ Tj , (Z . ö )V3 • U  • c o s 0  A- n  A
ge P hgm.ö -  HoMiHaabHa aKTHBHa noTy^HiCTb E^;
cospHOM.d -  HoMmaabHHH Koe^i^eHT noTy^Hocri E^;
J]hgm.ö -  HoMmaabHHH Koe^^ieHT KopHCHoi gii (KK^) E^.
BenHHHHH cosyHOM.d i J]HOM.d npHHMamrbCa 3 KaTaaoriB 3aBogiB - 
BHroToBHWBaHiB i goBigHHKiB [1].
^o^abH o TaKo^; gaa Ko^Horo E n  oöhhchhth Horo nycKoBHH CTpyM:
1 nycK k nycK 1hom , (2.9)
ge knycK, -  Koe^^ieHT nycKy,
InycK -  HoMiHanbHHH CTpyM En.
^ a a  KoHKpeTHHx E n  Koe^^ieHTH nycKy npHHMamTb 3a nacnopTHHMH 
gaHHMH. ^Km,o bohh BigcyTHi, to m,ogo HoMiHaabHoro CTpyMy E n  BeaHHHHa 
nycKoBoro CTpyMy npHHMaeTbca:
• 5 - Kparaom gaa aCHHxpoHHHx gBHryHiB (A^) 3 KopoTKo3aMKHeHHM 
poTopoM Ta CHHXpoHHHX gBHryHiB (C^);
• 2,5 - Kparaom gaa gBHryHiB norniHHoro CTpyMy Ta A ^  3 $a3HHM poTopoM;
• 3 - KpaTHoro gaa 3BapmBaabHHx i niaHHx TpaHC^opMaTopiB, MamHH 
KoHTaKTHoro 3BapwBaHHa npn MaKCHMaabHm BTopHHHm Hanpy3i. [1]
n p n  npoeKTyBaHHi gaa E n  npHHMaeMo knycK = 5.
BH3HaaaeMo nyCKoBHH CTpyM 3 a ^opMyaom (2.9):
I  nycK = 5 • 38,90 = 194,48 A.
OTpHMam 3a ^opMyaaMH (2.4) -  (2.9) pe3yabTarn po3paxyHKiB gaa 
$pe3epHoro BepcTaTa, a TaKO^ gaa iHiiiux E n  ^ x y  3aHocHMO go Taöan^ 2.1.




























1 2 3 4 5 7 8 9 10 11
1 BepcTar
TOKapHHH
3,5 0,5 1,73 3,5 6,06 7,00 10,64 53,18
2 BepcTar
cBepganabHHH
1,5 0,5 1,73 1,5 2,6 3,00 4,56 22,79
3 BepcTaT
$pe3epHHH
12,8 0,5 1,73 12,8 22,17 25,6 38,9 194,48
4 BepcTaT
^yroBaabHHH
5,6 0,82 0,69 5,6 3,91 6,83 10,38 51,88
5 BepcTaT
mai^yBaabHHH
18,3 0,85 0,62 18,3 11,34 21,53 32,71 163,55
6 BepcTaT
mnnopi3HHH
11,05 0,8 0,75 11,05 8,28 13,81 20,99 104,93
7 BeHTHaaTop
BHTa^HHH
2 0,8 0,75 2 1,5 2,5 3,80 18,99
8 BepcTaT
TOKapHHH
3,5 0,5 1,73 3,5 6,06 7,00 10,64 53,18
9 BepcTaT
cBepganabHHH
1,5 0,5 1,73 1,5 2,60 3,00 4,56 22,79
10 BepcTaT
TOKapHHH
3,5 0,5 1,73 3,5 6,06 7,00 10,64 53,18
11 BepcTaT
$pe3epHHH
12,8 0,5 1,73 12,8 22,17 25,60 38,90 194,48
12 BepcTaT
cBepganabHHH
1,5 0,5 1,73 1,5 2,60 3,00 4,56 22,79
13 BepcTaT
^yroBaabHHH




11,05 0,8 0,75 11,05 8,29 13,81 20,99 104,93
15 BepcTaT
CBepganabHHH
1,5 0,5 1,73 1,5 2,60 3,00 4,56 22,79
16 BepcTaT
^pe3epHHH
12,8 0,5 1,73 12,8 22,17 25,60 38,90 194,48
17 BeHTHaaTop
BHTa^HHH
2 0,8 0,75 2 1,5 2,5 3,80 18,99
2.2 BH3HaneHHH po3paxyHKOBoro CHaoBoro HaBaHTâ eHHH Ha gpyroMy piBHi
e^eKTponocranaHHH
Ha gpyroMy piBHi eaeKTponocTanaHHa HaBaHTmeHHa Ha ^HBHabHy amiro 
CTBoproeTbCA rpynoro E n , aKi npnegHam go po3nogiabaoi ma^H. OcKiabKH 
ogHonacHo 3 MaKcHMaabHHM HaBaHTa^eHHaM yci E n  He ^pa^wwTb, to 
pe3yabTyroae HaBaHTmeHHa 3aB^gn MeHme Big cyMH ix HoMrnaabHHx 
noTy^HOCTefi i öyge öiabmHM Big cepegHboro HaBaHTmeHHa 3a MaKcHMaabHo 
3aBaHTa^;eHy 3MiHy (3 a Maaoi KiabKocTi E n) aöo gopiBHMBaTH öoMy (3 a 3HaaHoi 
KiabKocTi En), rn,o xapaKTepH3yeTbca Koe^^iemaMH po3paxyHKoBHx aKTHBHHx 
HaBaHTa^eHb Kp a  i po3paxyHKoBHx peaKTHBHHx HaBaHTa^eHb Kp .p .
Koe^^ ieHT po3paxyHKoBHx aKTHBHHx HaBaHTa^eHb Kp a  3aae:«HTb Big 
e^eKTHBHoro ancaa E n  ne, cepegHboBHBa^eHoro Koe^^ iema  BHKopncTaHHa 
aKTHBHoi noTy^HocTi Kg.ce Ta cTaaoi aacy HarpiBaHHa Mepe^i T0, aKa Ha gpyroMy 
piBHi eneKTponocTanaHHa npHHMaeTbca T0 = 10 xb (po3paxyHKoBHH iHTepBaa 
aacy 3T0 = 30 xb.).
CxeMa ^HBaeHHa eaeKTponpHHMaaiB cToaapHoro ^ x y  pnc. 2.1. 3rigHo i3 
cxeMoro eaeKTponocTanaHHa ^ x y  3gificHweTbca Big T n , aKa 3HaxogHTbca Ha 
TepHTopii 3aBogy, KaöeabHoro airnero 0,4 kB, npoKaageHoro b 3eMai go BBigHoro 
po3nogiabHoro npncTpow Pn. Big Hboro KaöeabHoro npoKaagKoro oTpHMywTb 
^HBaeHHa po3nogiabai ma^H CPffll, CPffl2 Ta ocBnaroBaabHHH ttthtok ^ P O .
Ao po3noginbHoi ma^H C P 1 2  mgKHMHem pi3Hi BHgn eneKTponpHHManiB 
gepeBooöpoÖHHx BepcTaTiB 3 HopManbHHM pe^HMOM poöora (E n  N 2  -  3,7, 
10 -  14,17).
3a ^opMynoro (2.1) BH3HanaeMo cyMapHy aKTHBHy HoMmanbHy noTy^HicTb 
En:
n
PHOMCPm 2 = Z p  HOM, ,
i=1
PHOmcpm 2 =  1,5 ■ 2 + 2 • 2 + 3,5 +12,8 • 2 + 5,6 +11.05 = 52,75 kBt.
Koe^^ieHT BHKopncTaHHa aKTHBHoi noTy^HOcri npHHMaeMo 3 Taön 1.3 aöo 
gogaTKa P [1], K e =  0,14 gna eneKTponpHBogiB gepeBooöpoÖHHx BepcTaTiB 3 
HopMantHHM pe^HMoM poöora Ta K e = 0,6 gna BeHTHnaTopiB bht^ ^ hhx.
A^a po3nogmbnoi ma^H CP! 112 cepegHboBHBa^eHHH Koe^^ieHT 
BHKopncTaHHa aKTHBHoi noTy^HocTi:
k n
K ,ce = = L k Bi.'PHOMi 1 TPHOMi , (2.10)
i i
_ (2 • 2) • 0,6 +(1,5 • 2 +3,5+12,8 • 2 +5,6 +11. 05) • 0,14 
e£eCm 2 = 52,75 = ,
rpynoBi Koe^i^eHTH noTy^HocTi BH3HanaeMo 3a ^opMynaMH:
n  n
C0S Vp =  Z  C0S Vi • P HOMi 1  Y P h om ;  , (2.11)
i i
n  n
t g P e p  =  Z k e . i • P h . i • t m  1 Z  k H. i • P h , (2.12)
i i
ge c o s ty iy tg ty i -  iHgHBigyanbHi Koe^^ieHTH noTy^HocTi oKpeMHx
eneKTponpHHManiB.
A^a po3noginbnoi ma^H C P 1 2  po3paxyeMo rpynoBi Koe^^ieHTH 
noTy^HocTi:
1,5 ■ 0,5 +12,8 • 0,5 + 2 ■ 0,8 + 3,5 ■ 0,5 +12,8 ■ 0,5 +1,5 ■ 0,5 + 5,6 ■ 0,82 + 
C0Spcmp2 = 5275
+11,05■ 0,8 + 2■ 0,8----------------------- = 0,61
52,75
_ (1,5-1,73 ■ 0,14 +12,8-1,73 ■ 0,14 + 2 ■ 0,75 ■ 0,6 + 3,5-1,73 ■ 0,14 +12,8-1,73 ■ 0,14 - 
tg<PCPM2 = 0,14 ■ (1,5 +12,8 + 2 + 3,5 +12,8 +1,5 + 5,6 +11,05 + 2)
+1,5 ~1,73 ■ 0,14 + 5,6 ■ 0,69 ■ 0,14 +11,05 ■ 0,75 ■ 0,14 + 2 ■ 0,75 ■ 0,6 _ 22 
0,14 ■ (1,5 +12,8 + 3,5 +12,8 +1,5 + 5,6 +11,05) + 0,6 ■ (2 ■ 2) = ,
AHanorinHo po3paxoByeMo Koe^^ieHT noTy^HOCTi gna mmux rpyn 
cno^HBaniB ^ x y , pe3yntTaru po3paxyHKy 3aHoCHMo go Taönu^ 2.2.
CepegHi 3a MaKCHMantHo 3aBaHTa«:eHy 3MiHy HaBaHTmeHHa aBnae coöow 
Mo^nuBufi HH^Hifi piBeHt rpynoBoro HaBaHTa^eHHa, oöyMoBneHufi 
HeogHaKOBHM 3aBaHTa^eHHaM y gaHufi MOMeHT nacy oKpeMux Cno^HBaniB. 
OaKTHHHe 3HaneHHa po3paxyHKOBoro HaBaHTa^eHHa 3ane^HO Big KintKoCTi 
cno^HBaniB y rpyni Ta ix pe^HMy poöoTH nepeBurnye cepegHe, aKrn,o 
po3rnagawTtca nume eneKTponpuÖMani, aöo öyge hh^ hhm Big cepegHtoro, aKrn,o 
BpaxoByeMO ÖMoBiprnCTt ogHonacHoi poöoTH Bctoro TexHonorinHoro 
ycTaTKyBaHHa, toöto 3ane^HTt Big piBHa b CEn, Ha aKoMy BH3HanaeTtCa 
HaBaHTa^eHHa. ToMy BenunuHy cepegHtoro HaBaHTa^eHHa 3a MaKCHMantHo 
3aBaHTa«:eHy 3MiHy BHKopuCTOByroTt gna BH3HaneHHa po3paxyHKoBoro 
HaBaHTa^eHHa.
rpynoBe CepegHe aKTHBHe HaBaHTa^eHHa 3a MaKCHMantHo 3aBaHTa^eHy 
3MiHy i-i rpynu eneKTponpuÖManiB BH3HanaeTtCa 3a ^opMynoro:
n
P o,j = Z  * (2.13)
i=1
ge n -  KintKiCTt eneKTponpuÖManiB b rpyni;
k e.i. -  Koe^^ieHT BUKopuCTaHHa aKTHBHoi noTy^HoCTi i-ro En;
P hom. -  HoMiHantHa aKTHBHa noTy^HiCTt i-ro eneKTponpuÖMana npu T B = 1 .
^na po3nogintnoi ma^u CPffl2 rpynoBe CepegHe aKTHBHe HaBaHTa^eHHa:
P cm CPM 2 = (1,5 • 2 +12,8 • 2 + 3,5 + 5,6 +11,05) • 0,14 + (2 • 2) • 0,6 = 9,23 kBt.
CyMapHe cepegHbo3MiHHe peaKTHBHe HaBaHTa^eHHa gaa Bcix 
eaeKTponpHHMaaiB CPffl2 BH3HaaaeTbca aK:
Q cm. CPM2 = P cm.CPM2 • S V cpm 2 , (2-14)
Q cm.CPM2 = 9, 23 • 1, 22 = 11,28 KBap.
E^eKTHBHe ancao eneKTponpHHManiB ne -  ^  TaKa yMOBHa KiabKicTb 
ogHopigHHx 3a pe^HMOM poöora cno^HBaniB ogHaKOBOi noTy^HocTi aKa 
oöyMOBnwe Te caMe 3HaaeHHa po3paxyHKOBoro HaBaHTmeHHa, aK i rpyna 
CnO^HBaHiB pi3HHX 3a pe^HMOM pOÖOTH Ta nOTy^HiCTW.
BenHHHHa e^eKTHBHoro ancaa cno^HBaaiB ne BH3HaaaeTbca:
( Z  P HOM.i )
n  = Z=-------, (2.15)
e n 5 v y
2  P 2^  r  h o m .i i=1
ge n - KiabKicTb ^pa^wwHHx E n  b rpyni;
p HOMi. - HOMiHaabHa aKTHBHa noTy^HicTb i-ro E n  npn TB = 1.
3Haögern 3a ^opMyaoro (2.15) 3HaaeHHa ne OKpyraawTbca go HaööaH^aoro 
MeHmoro ^ aoro ancaa. ^ucao e^eKTHBHHx E n  ne npafiMaeTbca piBHHM 
gificHOMy aacay E n  n, aKrn,o BigHomeHHa noTy^HocTeö Haööiabmoro go 
HaÖMeHmoro E n  rpyna He nepeBHrnye 3.
p HOM.MaKC /  p HOM.MiH — 3, (2-16)
12,8/1,5 = 8,53 ~ 8 > 3
YMoBa He BHKoHyeTbca, ToMy e^eKTHBHe aacao cno^HBaaiB gaa CPffl2 
BH3HaaaeTbca 3a ^opMyaoro (2.15):
52 752
n e = — ---------- 5-------- r --------2-------2--------- 7 = 5,50 iiite 1,52-2+12,82-2 + 22 ■ 2 +3,52 +5,62 +11, 052
3HaögeHe 3HaaeHHa oKpyraaeMo go HaööaH^aoro MeHmoro ^ a o ro  ancaa 
n e =  5 i t . ^ a a  HaBegeHHx BHrn,e CPffl2 n e -  5i t . i K B.CB. = 0,17 3 Taöa. K.2. 
gogaTKa K [1], Koe^^ieHT po3paxyHKOBoro aKTHBHoro HaBaHTmeHa Kp.a. = 1,95; 
Koe^^ieHT po3paxyHKoBoro peaKTHBHoro HaBaHTmeHHa K p p , = 1,1, TaK aK 
n e =  5  <  10 i t .
Ha gpyroMy piBHi eaeKTponocTaaaHHa po3paxyHKoBe cnaoBe aKTHBHe 
HaBaHTa^eHHa P p .2 i po3paxyHKoBe cnaoBe peaKTHBHe HaBaHTa^eHHa Q p .2. gaa n  
cno^HBaniB b rpyni BH3HaaaeTtca ^opMyaoro:
P  , = K  Y k  . p  = K  Y p .  (2 17)p .2  p .a . e.i. ^  HOM.i p .a . r  CM.i ? V /
i— i—
Q  7 =  K  Y  k  p  tgm  = K Y g  , (2 18)*^p.2 p.p. 6.i. ^  HOM.i O  T  HOM.i. p . p . ÖCM.i ’ \  J
i  i
ge p c M i,  gcM.i. -  cepegHi aKTHBHa Ta peaKTHBHa noTy^HocTi 3 a MaKCHMaatHo 
3aBaHTa^;eHy 3MiHy i-ro E n  BignoBigHo;
tg^HOMi. -  BignoBigae HoMmaatHoMy 3HaaeHHW Koe^^ieHTa noTy^HocTi 
c o s p HOM.i ,  aKe xapaKTepHe gaa gaHoro BHgy En.
Bn3HaaaeMo po3paxyHKoBe cnaoBe aKTHBHe Ta peaKTHBHe HaBaHTa^eHHa 
eaeKTponpHHMaaiB CPffl2 3 a ^opMyaaMH (2.17), (2.18):
P p .2 . = 1,95 x 9,23 = 17,99 kBt.
Q p .2 . =  1,1 x 11,28 =12,40 KBap.
Po3paxyHKoBe cnaoBe noBHe HaBaHTa^eHHa Ha gpyroMy piBHi 
eaeKTponocTaaaHHa BH3HaaaeTtca:
s  p.2 . =  — — 2 Q Q + ., (2.19)
Po3paxyHKoBHH CTpyM:
S p2
! * = W - ' (Z20)*  HOM
Po3paxyHKOBe HHcnoBe noBHe HaBaHTa^eHHA eneKTponpHHManiB CPffl2:
S p 2 _ = y / 17,992 +12,402 = 21,85 kBA.
Po3paxyHKOBHH CTpyM cno^HBaniB CPffl2:
I  =  /21,85 =33,20 A. 
p V3 • 0,38
HaBaHTa^eHHa Ha mmm CPffll BH3HanaeTbCfl aHanoriHHo. Pe3ynbTaTH 
po3paxyHKiB HaBogaTbca b Taönn^ 2.2.
2.3 BH3HaneHHH po3paxyHKOBoro CĤ OBoro HaBaHTâ eHHH Ha TpeTbOMy
piBHi e êKTponocTanaHHH
Ha TpeTbOMy piBHi eneKTponocTanaHHA KinbKicTb E n  rn,e ömbma, Hm: Ha 
gpyroMy piBHi eneKTponocTanaHHA. Pe3ynbTyrone HaBaHTa^eHHA 3aB^gn MeHme 
Big cyMH ix HOMmanbHHx noTy^HOCTefi i öyge aöo ömbme ( y pa3i Manoi 
KinbKOCTi E n  ), aöo MeHme ( y pa3i 3HanHoi KinbKocTi E n  ) cepegHboro 
HaBaHTa^eHHa 3a MaKCHManbHo 3aBaHTa^eHy 3MiHy, rn,o xapaKTepH3yeTbca 
Koe^^ieHTaMH po3paxyHKoBHx aKTHBHHx HaBaHTa^eHb K ' p .a i po3paxyHKoBHx 
peaKTHBHHx HaBaHTa^eHb K ' p .p  [3].
Ha ^oM y piBHi eneKTponocTanaHHA Koe^^ieHT po3paxyHKoBHx aKTHBHHx 
HaBaHTa^eHb K ' p .a TaKo^ 3ane^HTb Big e^eKTHBHoro HHcna E n  n e, 
cepegHboBHBa^eHoro Koe^^ieHTa BHKopncTaHHa aKTHBHoi noTy^HocTi K B.cp Ta 
CTanoi nacy HarpiBaHHa Mepe^i T0, aKa npHHMaeTbca T o = 2,5 rog.
Ha TpeTboMy piBHi eneKTponocTanaHHa nepe3 3HanHy KinbKicTb E n  
gonycKaeTbca BenHHHHy e^eKTHBHoro HHcna E n  n e BH3HanaTH 3a cnporn,eHoro 
^opMynow:
m
2 - t  p-L HOM.l
n e = - ^ = ------ , (2.21)
P  HOM.MaKC.
ge m -  yci E n  (6e3 pe3epBHHx), aKi ^HBaaTbca Big mHH T n  aöo fflMA;
p HOM.MaKc -  HOMmantHa aKTHBHa noTy^HicTb Haööiabm noTy^Horo E n  yciei 
rpynn.
^Krn,o 3HafigeHe 3a ^opMyaoro (2.21) 3HaneHHa ne > n, to npnÖMaeTbca 
ne = n. 3HaneHHA ne oKpyraaeTbca go HaööaH^Horo MeHmoro ^ ao ro  ancaa. 
CepegHboBHBa^eHHH Koe^^ieHT BHKopncTaHHa aKTHBHoi noTy^HocTi
BH3HanaeTbca 3a ^opMyaoro (2.22), aae gaa Bcix ^pa^wwHHx E n  KiabKic™  m.
K
t  PCM.l.
K . c, = ^ ------ , (2.22)
t PHOM.l.
7=1
^ucaoBi 3HaneHHa Koe^^ierniB po3paxyHKoBHx aKTHBHHx HaBaHTa^eHb 
K 'p .a HaBogaTbca y BignoBigmfi goBigKoBifi TexHiHHiö atiepaTypi [1]. Ha TpeTboMy 
piBHi eaeKTponocTanaHHa po3paxyHKoBe cnaoBe aKTHBHe HaBaHTa^eHHa Pp 3  
BH3HanaeTbca 3a ^opMyaoro:
m  m
P = K - t k  -p =K - t p  (2 23)p .3 . p .a . e.i. -i h om .i p .a . r  3M.i ? \  /
7 =1 7=1
Ha TpeTboMy piBHi eaeKTponocTaaaHHa Koe^^ieHT po3paxyHKoBHx 
aKTHBHHx HaBaHTa^eHb K'p .a Ta Koe^^ieHT po3paxyHKoBHx peaKTHBHHx 
HaBaHTa^eHb K'p p  npHHMaroTbca piBHHMH (K'p ,a =K'p p ), ToMy po3paxyHKoBe 
cnaoBe peaKTHBHe HaBaHTa^eHHa Qp 3  BH3HaaaeTbca aK:
m
Q p . 3 = K p . p . ■ t  K. i . - p HOM. i - t g ^ HOM. i = p p. 3 - tg P cM , (2.24)
i=1
ge tgpCB -  BignoBigae cepegHboBHBa^eHoMy 3HaneHHW Koe^^ieHTa noTy^HocTi
COStyce-
Po3paxyHKOBe cnnoBe noBHe HaBaHTa^eHHA ^ x y  Ha TpeTbOMy piBHi 
eneKTponocTanaHHa MO^Ha BH3Hawra TaK:
S p .3 —  + Q 2P.3, (2.25)
npH ^OMy pO3paxyHKOBHH CTpyM:
^  - - T ^ r • (2.26)
Y HOM
ge U hom -  HOMiHantHa Hanpyra eneKTpHHHOi Mepe^i go 1 kB.
BenHHHHa e^eKTHBHoro HHcna ne BH3HanaeTbCfl 3a cnpornyHoro ^opMynoro 
(2.19):
m
2 - y  p + pcpm i i cpm 2
n e  —  ~ ----------------------------------------------------- ,
P  H O M .M a K C .
2 • (52,75 + 57,75)
n  - —— ----------— 2-12,07 mT.
e 18,3
npHHMaeTbca HafiönH^He MeHme ^ ne hhcho ne =  1 2  mT.
CepegHbOBHBa^eHHH Koe^^ieHT BHKopHCTaHHA aKTHBHOi noTy^HOCTi gga 
Bcix E n  ^ x y  po3paxoByeTbca 3a ^opMynoro (2.22):
K
y  p  +  py 1 cmm ^ 1 cum 2 
k  — J—1___________V6. CB. K 5
y p HOM. 1 .
i—1
K — 9,23 + 8,°9 — 0 6.
B . CB . 110,5
3 T aön^ i g^epena [1,3] ne -  12 mT. i Ke ce =  0,16 Koe^i^eHT 
po3paxyHKOBoro aKTHBHoro HaBaHTa^eHHA K'p .a = 1,5. n p n  ne >10 mT. Koe^^ieHT 
po3paxyHKOBoro peaKTHBHoro HaBaHTa^eHHA npHHMaeTbca K'p p  = 1.
3a ^opMynow (2.23) po3paxyHKOBe cnnoBe aKTHBHe HaBaHTa^eHHA Ha 
TpeTbOMy piBHi eneKTponocTanaHHa:
P p3 =  1,5-17,31 = 25,97 kBt.
Po3paxyHKOBe cnnoBe peaKTHBHe HaBaHTa^eHHa BH3HanaeTbca 3a 
^opMynoro (2.24), ypaxoBywnn, ^ o  k p. a. =  k p. p. =1,5:
Qp .3. = K p.p. - (Q c m . C P M I  +  QcM.CPm 2) ,
Q p3 =  1,5 - (11,28 + 8,81) = 30,13 KBap.
Po3paxyHKOBe cnnoBe noBHe HaBaHTa^eHHa BH3HanaeTbca 3 a ^opMynoro 
(2.25):
S  =  ^/25,972 + 30,132 = 39,75 kBA.
Po3paxyHKOBHH CTpyM Ha TpeTbOMy piBHi eneKTponocTanaHHa BH3HanaeTbca 
3 a ^opMynoro (2.26):
39 75
Ip  3 = - ^ -----= 60,43 a
p V3 - 0,38 .
Po3paxyHKOBi BenHHHHH Ta po3paxyHKOBi HaBaHTmeHHa chhobhx E n  Ha 
TpeTbOMy piBHi eneKTponocTanaHHa HaBogaTbca b Taönn^ 2 .2 .
2.4 Po3paxyHOK 3ara^bHoro e^eKTpHHHoro ocBir^eHHH ^ x y
EneKTpHHHe ocBrraeHHa bhpoöhhhhx npHMirn,eHb e 3 aranbHHM piBHOMipHHM 
ocBiTneHH^M i BHKoHyeTbca CBiranbHHKaMH, aKi po3noginaroTb piBHOMipHO Mm: 
OKpeMHMH $a3aMH Tpn^a3Hoi eneKTpHHHoi Mepem ToMy eneKTpHHHe 
ocBrraeHHa MO^Ha po3raagaTH aK Tpn$a3He HaBaHTmeHHa.
Po3paxyHKOBe HaBaHTa^eHHa 3aranbHoro ocBiraeHHa ^ x y  BH3HanawTbca 
MeTogoM Koe^i^eHTa nonHTy [3]. ^na  ^ o r o  cnig po3paxyBaTH BCTaHOBneHe 
(HOMiHanbHe) HaBaHTa^eHHa 3aranbHoro ocBrraeHHa ^ xy Pycm.3,  aKe 
BH3HanaeTbca CBiraoTexmnHHM po3paxyHKoM 3 a gonoMororo MeTogy Koe^^ieHTa 
BHKopncTaHHa CBiraoBoro noToKy.
Po3paxyeMO eaeKTpoocBiTaeHHa ^ x y , po3Mipu aKoro cTaHoBaaTb: 
goB®uHa -  20 m., mupuHa. -  15 m., BucoTa -  5 m.
BpaxoByrouu cBiTaoTexmum xapaKTepucTuKu Ta eKoHoMiHHicTb icHyrouux 
g®epea cBiTaa Ta 3rigHo peKoMeHga^i girouux HopMaruBHux aKTiB y raay3i 
öygiBHu^Ba, BuKopucTOByeMo MeTaaoraaoreHHi aaMnu. ^ a a  ocBiTaeHHa 
bhpoöhhhhx npuMimeHh npHHMaeMO cucTeMy 3araabHoro piBHOMipHoro 
ocBiTaeHHa.
BpaxoBywni yMOBH Ha.RKoaumHhoro cepegoBurn,a npoeKTOBaHoro
npuMimeHHa, KopucTyrouucb goBigHuKoBow atieparyporo [4,5], BuöupaeMo 
CRiTHnbHHK 3 MeTaaraaoreHHuMu aaMnaMu Tuny r c n .
BeauuuHy HopMoBaHoi ocRiTaeHocTi gaa ^ x y  3aae®uTb Big npu3HaueHHa 
RHpoÖHHaoro npHMi^eHHa Ta THny npuHHaToro g®epeaa cBiTaa, BuöupaeMo 3a 
^HB B.2.5 -  28 -  2006 [6]. HopMaBaHe 3HaueHHa ocBiTaeHHa gaa BupoÖHuuoro 
npuMi^eHHa npu 3araabHoMy ocBiTaeHHa Ta BHKopHCTaHHi ra3opa3pagHHx aaMn 
CKaagae -  300 aK.
n p u  npoeKTyBaHHi eaeKTpoocBiTawBaabHHx ycTaHoBoK BpaxoByeMo, rn,o 
Hucao, po3Mirn,eHHa i cnociö ycTaHoBKH CBiTHabHUKiB noBHHeH 3aöe3neHyBaru 
HopMaabHi yMoBH ocBiTaeHHa npu HaHMeHmux npuBegeHux 3arparax, aiHii 
eaeKTpoocBiTaeHHa noBHHHi MaTH HaÖMeHmy goB®uHy i öyTu 3pyHHHMH y 
MoHTa®i Mepe®i.
B gogaTKy B, npuBegeHa cxeMa eaeKTpuHHoro 3’gHaHHa ocBiTaeHHa 
cToaapHoro ^ x y .
3rigHo go nY E [2] MiHiMaabHa BucoTa nigBucy cBiTuabHuKa cTaHoBMTb 
hmd.mm = 2,5 M., npuHMacMo BucoTy nigBucy h nid = 3 M. MiHiMaabHa ocBnaemcTb, 
E  = 300 aK.
Bu3HaaaeMo BigcTaHb Mi®; cBiTuabHuKaMu:
L =  h  'G  (2.27)
ge X -  Koe^^ieHT, rn,o Bu3Hauae HaHBurigmmy BigcTaHb Mi® cBiTuabHuKaMu, 
npuHMaeMo X = 1,6 Togi:
L  =  3-1,6 = 4,8 M.
Bu3 HanaeMO KinbKicTb CBinbHHKiB b pagy:
n A =  A , (2.28)
ge A  -  goB^HHa npuMimeHHa, 3 a BHxigHHMH gaHHMH A  =  20 m;
nA =20/4,8 = 4,1 mT.
npHHMaeMO n A =  4 CBiTHHbHHKH.
BH3HanaeMO KinbKicTb pagiB:
B
n B = - ,  (2.29)
ge B  -  mupuHa npuMimeHHa, 3a BHxigHHMH gaHHMH B  =  15 m.
nA = 15 / 4,8 = 3,12
npHHMaeMO nB = 3 pagu.
3aranbHa KinbKicTb CBiTHHbHHKiB CTaHOBHTb:
n = n A • n B , (2.30)
n  =  4 - 3 = 12 mT.
Bu3HanaeMO mgeKC npuMi^eHHa 3a ^opMynoro:
i = -----— ------, (2.31)
h M  ■ ( A  +  B )
i = 20 • 15 = 2 8 5 .
3 - (20 +15)
Bu3HanaeMO Koe^i^eHT BHKopucTaHHa CBrraoBoro noTOKy. OpieHTOBHe 
3HaneHHa K oe^^iem a Bigömra noBepxoHb pCTem = 50%, PcTiH = 30%,
pnignora 10%.
Srigno go TaÖHH^ 3 [5] 3araHbHHH Koe^^ieHT BHKopncTaHHH CBiTHoBoro 
noTOKy craHoBHTb ije = 64%.
BH3HanaeMo HeoöxigHHH CBrraoBHH noTiK CBiTHHbHHKa:
E  • S  • k  • z
0  =  e H0PM----------  (2 32)
C n  • n  , (2.32)
ge 0 C -  po3paxyHKoBHH CBrraoBHH noTiK HaMnn, hm;
Enopm. -  HopManbHa ocBrraerncTb poöonoi noBepxHi npHMi^eHHH, hk.;
S  -  nnorn,a npHMirn,eHHH; 
k -  K oe^ieH T 3anacy, k  =  1,5 -  2;
z -  Koe^^ieHT HepiBHoMipHocTi ocBrraeHHH, gHa MeTaHoranoreHHHx z =1,1; 
N  -  KiHbKiCTb CBiTHHbHHKiB;
TJe -  Koe^^ieHT BHKopHCTaHHa CBiTHoBoro noTOKy.
^  300 • 300 1,5 1,1
0  = ------------ -— -  = 19335,9 hm.
c 0,64 42
^ hh CTBopeHHa HeoöxigHoro piBHa ocBiTHeHocTi b npuMimeHHi 
BHKopncToByeMo CBiTHHbHHKH 3 MeTaHoranoreHHHMH HaMnaMH THny DRI -  250, 
noTy^HicTW 250 Bt, CBrraoBHH noTiK CKHagae 0 C = 20000 hm.
BH3HanaeMo ^aKTHHHy ocBiTHeHicTb:
F 0 n n e ■n
E * — S T T  • ( 2 ' 3 3 )
=  20000 • ° .64-12 = 3 1 0 3  hk.
* 300 • 1,5 • 1,1
3HaxogHMo BigxHHeHHH ^aKTHHHoi ocBiTHeHocTi Big HopMoBaHoro 
3HaneHHa:
AE = E * ~ E h 400%, (2.34)
E h
310 3 -300
A E  =  310,3 300 -100%=+3,43%300
nopiBHWWHH HOpMaTHBHe 3HaneHHfl OCBrraeHOCTi 3 âKTHHHHM, MO:Ha 
3poÖHTH bhchobok, rn,o BHKopHCTaHHa naMn gaHoro THny 3a6e3nenye HeoöxigHy 
ocBrraemcTb poöonoi noBepxHi, npn ^OMy BigxHneHHa OCBrraeHOCTi He 
nepeBHrnye gonycthmhx hopm (+20%....-10%) [5]. BH3HanHMO BigcTaHb Mm: 
CBiTHnbHHKaMH i pagaMH gna po3TamyBaHHa CBrranbHHKiB Ha nnam.
BigcTaHb M i: CBiTHnbHHKaMH b pagy:
L a =  - ,  (2.35)
nA
t 20
L a = ---  = 5 M.
A 4
BigcTaHb Big CBiTHnbHHKiB go CTiHH b pagy:
la =  0,5 - L a =  0,5 - 5 = 2,5 m.
BigcTaHb M i: pagaMH:




BigcTaHb Big CTiH go nepmoro pagy:
l  = 0,5 - L b  =  0,5 - 5 = 2,5 m.
BcTaHOBneHa noTy:HicTb ocBrraroBanbHoi ycTaHOBKH:
PycTO  =  P  - n , (2.37)
ge P ji -  noTy:HicTb naMnn, kBt.
Pycm ,0  =  0,025 -12 = 3 kBt.
P p.o. =  K .o .  * P ycm.o , (2-38)
ge k n.0. -  Koe^i^eHT nonm y 3aranbHoro ocBrraeHHA.
bhpoöhhhhx öygiBenb, npHHMaeTbca Koe^i^eHT nonHTy ocBiraeHHA 
kn.o. =  0,85.
P p o  =  0,85 • 3 = 2,55 kBt.
Po3paxyHKOBe peaKTHBHe HaBaHTa^eHHA 3aranbHoro ocBrraeHHA ^ x y :
Q PJ0. =  P p o :  t g V o , (2.39)
ge t g ß o  -  BignoBigae 3HaneHHM Koe^^ieHTa noTy^HOCTi c o s ^ o  3ane^HO, Big BHgy 
g^epena CBrraa. MeTanoranoreHHHx naMn THny DRI -  250 npHHMaeMo
Koe^^ieHT aKTHBHoi noTy^HocTi c o s  y o = 0,5, HKoMy BignoBigae t g  y o =  1,73.
Q p o  =  2,55 *1,73 = 4,41 KBap.
Po3paxyHKoBe noBHe HaBaHTa^eHHA 3aranbHoro ocBrraeHHa ^ x y  
BH3HanaeTbCH 3a ^opMynoro:
S f . o . = l P2o.+ Q l o . , (2.40)
S p o  = V2,552 + 4,412 = 5,09 kBA.
Togi po3paxyHKoBHH CTpyM öyge gopiBHWBaTH:
' ~ = ; f e , (Z41)
r 5,09 *
I  ------ = 7 74 A.
p o . V3 * 0,38 ,
Po3TamyBaHHH naMn ^PH, 3oöpa^;eHo Ha pnc. 2.2. Pe3ynbTaTH po3paxyHKy 
3aHocHMo go TaönH^ 2.2.
2.5 BH3HaneHHH po3paxyHKOBoro HaBaHTa^eHHH 
^ xoboi TpaHc^opMaTopHoi' nigcraH^i'
Po3paxyHKOBe HaBaHTa^eHa Ha mHHax T n  (TpeTiö piBeHt 
eneKTponocTanaHHa) HeOÖxigHe gna BHÖopy HOMiHantHOi noTy^HOCTi 
TpaHC^opMaTopiB i po3paxyHKy noTy^HOCTi npHCTpoiB KOMneHCa^i peaKTHBHOi
noTy^HOCTi cnO^HBana. ^ o pO3paxyHKOBHx aKTHBHOro P p.3 i peaKTHBHOro Q p.3. 
HaBaHTa^eHt cnnOBHx E n  cnig gOgara pO3paxyHKOBi aKTHBHe P p .0 i peaKTHBHe 
Q p.0. HaBaHTa^eHHa 3arantHOrO poöohoto OCBiTneHHa Ta aBapiÖHOro OCBiTneHHa
(Pp.a.o., Q p .a .o ). npH OÖHHCneHHi 3arantHOrO pO3paxyHKOBOrO HaBaHTa^eHHa T n  3 
ypaxyBaHHaM pO3paxyHKOBOrO HaBaHTa^eHHa 3arantHOrO eneKTpHHHOro 
OCBiTneHHa ^ x y  npHHMaertCa KOe^^ieHT OgHOnacHOCTi 3ÖiraHHa MaKCHMyMiB
HaBaHTa^eHHa K 0 =  1 ,0 . HeOÖxigm pO3paxyHKOBi gam öepyTtCa 3 Taönn^ 2.2.
3arantHe pO3paxyHKOBe aKTHBHe HaBaHTa^eHHa T n  BH3HanaeTbCa 3 a 
^OpMynOw:
Qp.Tn =  Qp.3. + Q p.O. +  Q p.A.O. , (2.43)
TaKHM hhhom, 3aranbHe po3paxyHKOBe noBHe HaBaHTa^eHHa T n  MO^Ha
BH3HaHHTH AK
^p.Tn = = P . r n  + Q Q  > (2.44)
Togi po3paxyHKOBHH CTpyM öyge gopiBHMBara:
^ - I S T  ■ (2.45)
ge U hom -  HOMiHantHa Hanpyra eneKTpHHHOi Mepe^i go aöo noHag 1 kB.
BH3HaneHHa po3paxyHKOBoro HaBaHTa^eHHa Ha CTopoHi HH Tn. 
Po3paxyHKOBe HaBaHTa^eHHa aBapiÖHoro ocBrraeHHa npHHMacMO 10% Big 
poöoHoro.
Po3paxyeMO 3aranbHe aKTHBHe HaBaHTa^eHHa T n, BHKopHCTOByronH 
^opMyay (2.42):
P pTn -  25,97 + 2,55 + 0,26 -  28,77 kBt.
3arantHe po3paxyHKOBe peaKTHBHe HaBaHTa^eHHa T n  BH3HanaeMO 3a 
^opMyaow (2.43):
Q pTn -  30,13 + 4,41 + 0,441 -  34,98 KBap.
3arantHe po3paxyHKOBe noBHe HaBHTa^eHHa T n  BroHanaeTbca 3A 
^opMyaow (2.44):
S pT n  - y j 28,772 + 34,982 -  45,29 kBA.
Po3paxyHKOBHH CTpyM 3 öoKy HH T n  BH3HanaeMO 3a ^opMynoro (2.45):
45 29



























OgHoro 3araHbHa cos p tg P
1 2 3 4 5 6 7 8
2,12 BepcTaT CBepgnnnbHHH 2 1,5 3 0,14 0,5 1,73
3,11 BepcTaT $pe3epHHH 2 12,8 25,6 0,14 0,5 1,73
7,17 BeHTHHATOp BHTfl̂ HHH 2 2 4 0,6 0,8 0,75
10 BepcTaT TOKapHHH 1 3,5 3,5 0,14 0,5 1,73
13 BepcTaT ^yroBanbHHH 1 5,6 5,6 0,14 0,82 0,69
14 BepcTaT mnnopi3HHH 1 11,05 11,05 0,14 0,8 0,75
Bcboro no CPM 2 9 52,75 0,17 0,6 1,22
1,8 BepCTaT TOKapHHH 2 3,5 7 0,14 0,5 1,73
4 BepcTaT ^yroBanbHHH 1 5,6 5,6 0,14 0,82 0,69
5 BepcTaT mni^yBanbHHH 1 18,3 18,3 0,14 0,85 0,62
6 BepcTaT mnnopi3HHH 1 11,05 11,05 0,14 0,8 0,75
9,15 BepcTaT cBepgHHHbHHH 2 1,5 3 0,14 0,5 1,73
16 BepcTaT $pe3epHHH 1 12,8 12,8 0,14 0,5 1,73
Bcboro no CPM 1 8 57,75 0,14 0,7 1,09
3 -  h pieeHb 17 110,50 0,16 0,7 1,16
Poöone ocBiTneHHa 3 0,85 0,5 1,73
ABapiHHe ocBrraeHHA
Bcboro 113,50 0,6 1,23
npogoB^eHHA T aön^ i 2.2
K g  p H






























8,09 8,81 4 2,5 20,21 9,69 22,42 34,05
17,31 20,09 12 1,5 25,97 30,13 39,78 60,43
2,55 4,41 2,55 4,41 5,09 7,74
0,26 0,441
19,86 24,50 28,77 34,98 45,29 68,82
niKOBHH CTpyM rpynn E n  Hanpyroro go 1 kB BH3HanaeTbCÄ äk [7]:
n-1
1 niK =  1 nycK.MaKC +  1 hom , ( 246)
1
ge InycKMaKc -  HanömbmHH 3 nycKOBHx CTpyMiB E ^  y rpyni 3a nacnopTHHMH 
gaHHMH;
n-1
^  I H0M -  cyMapHHH HOMiHanbHHH CTpyM rpynn E n  6e3 ypaxyBaHHÄ 
1
HOMiHanbHoro CTpyMy Hafiömbmoro 3a noTy^HiCTW E^.
niKOBHH CTpyM Big rpynn öinbme n ’xTH E n  go 1 kB, npn aKTHBHO -
iHgyKTHBHOMy HaBaHTa^eHHi 3 gOCTaTHbOW TOHHiCTW MO^Ha BH3HaHHTH äk 
apn^MeTHHHy CyMMy BCix E n  rpynn 6e3 HOMmanbHOro CTpyMy E ^  3 
HanöinbmHM nyCKOBHM CTpyMOM npn T B  =  1 [1]:
I niK =  I nycK.MaKc +  ( I p .2  k e  I hom .m ü k c )  5 (2.47)
ge Ip .2 -  po3paxyHKOBHH CTpyM yCix E n  rpynn;
k e -  Koe^i^eHT BHKopnCTaHHÄ E ^  3 HanöinbmHM nyCKOBHM CTpyMOM;
I H0M.MaKc -  HOMiHanbHHH CTpyM E ^  3 HanömbmHM nyCKOBHM CTpyMOM npn 
T B  =  1 .
HanöinbmHH nyCKOBHM CTpyM E ^  I nycK.MaKc gnn gaHOi rpynn BHÖnpaeMO 3 
Taönn^ 2.1.
niKOBa (nyCKOBa) nOTy^HiCTb BH3HanaeTbCÄ äk:
^niK(nycK) S S  U hom I niK(nycK) 5 (2.48)
ge IniK -  niKOBHH CTpyM, äkhh BH3HanaeTbCÄ 3a ^OpMynOW (2.46), (2.47), a 
nyCKOBHM CTpyM InycK 3a ^OpMynOW (2.9).
PO3paxyeMO niKOBi CTpyMH Big E n  gO CPffl2, HaBegeHa Ha puC. 2.1.
Big CPm2 ^HBaaTbCa: gBa CBepganabm Bepcrara, gBa $pe3eprn, ToKapHHH,
^yroBanbHHH, mnnopi3HHH Ta gBa BeHTHaaTopn. HaönoTy^HimHH 
eneKTponpHHMan ^ e i  rpynn E n  -  $pe3epHHH BepcTaT P hom = 12,8 kBt, 
Koe^^ieHT aKTHBHoi noTy^HOCTi c o s p  =  0,5, Koe^^ieHT BHKopHCTaHHa k B =  0,17.
HoMiHanbHHH CTpyM E ^  3 HaöömbmHM nycKOBHM CTpyMOM npn T B  = 1 i 3a 
BigcyTHOCTi nacnopTHHx gaHHx E ^  gga ^ e i  rpynn E n  BH3HanawTbca 3a 
^opMyaoro (2.8):
r  =  12,8 = 3o 90 a
“ c = 3  ■ 0,38 ■ 0,5 -1 = ’ A’
a öoro nycKOBHH CTpyM 3a ^opMyaoro (2.9):
I nycK.maKc = 5 - 38,90 = 194,48 A.
3 Taön 2.2 po3paxyHKOBHH CTpyM gaa gpyroro piBHa eaeKTponoCTanaHHa 
gaa CPm2 Ip,2. =  33,20 A.
niKOBHH CTpyM Big rpynn öiabme nara E n  BH3HanaeTbca 3a ^opMyaoro 
(2.46):
I mK = 194,28 + (33,20 -  0,17 - 38,90) = 221,06 A.
AHaaorinHO po3paxoByeMO niKOBi CTpyMH mmnx rpyn En.
OTpHMaHi pe3yabTaTH 3BogHMO go Taöan^ 2.3 i BHKopHCTOByeMO gaa 
BHÖopy yCTaBoK po3^epawBaniB aBToMaTiB Ta naaBKHx bctsbok 3anoömHHKiB.



















c p m 2 12,8 194,48 33,20 0,17 221,06
c p m i 18,3 278,04 34,06 0,14 304,31
3 BHEIP H G M IH Ä ^BH G I n O T Y ^ H O C T I TPAHCOOPM ATOPA
^ X O B O I  n m CTAHTTn
n p n  BHÖopi noTy^HOCTi T n  cnig BpaxoByBara ix HaBaHTa^yBanbHy 
3gaTHiCTb.
noTy^HiCTt TpaHC^opMaropiB T n  BHÖnparoTb 3a po3paxyHKoBHM 
HaBaHTa^eHH^M. OcKinbKH boho Ha niHHa.x 0,38 kB Hane^HTb go 3-ro piBHa 
eneKTponocTanaHHa i BH3HanaeTbca 3a cepegHbo3MiHHHM HaBaHTa^eHH^M 3a 
Haöörnbm 3aBaHTa^;eHy 3MiHy, to ga yMoBa BHKoHyeTbca, ToMy rn,o noTpoeHa 
nocTiHHa nacy TpaHC^opMaTopa ( 3T0 = 3 • 2,5 = 7,5 rog ) nopiBHaHa 3 TpHBanic™
3MiHa.
noTy^HiCTb TpaHC^opMaTopa BHÖnpawTb 3 ypaxyBaHHaM ochobhhx E n  2-i 
KaTeropii. MimMaabHa noTy^rncTb TpaHC^opMaTopiB öyge b ToMy BHnagKy, kohh 
nepe3 hhx peaKTHBHa noTy^rncTb He nepegaeTbca, a noBHiCTW KoMneHcyroTbca 
Ha CTopoHi go 1 kB. ^  6a3oBHH BapiaHT, npn aKoMy po3paxyHKoBe peaKTHBHe 
HaBaHTa^eHHa T n  Q p .mn gopiBHwe BCTaHoBneHHW Bciei noTy^HocTi 
HH3bKoBonbTHHx KoHgeHcaTopiB (HK) Q H.K..
npH Tpbox i MeHme TpaHC^opMaTopax ix HoMmaabHy noTy^rncTb 
BHÖHpaWTb 3a po3paxyHKoBHM aKTHBHHM HaBaHTä^SHHaM 3 ypaxyBaHH^M
npHHHaToro Koe^i^eHTa 3aBaHTä«:eHHa TpaHC^opMaTopa P m 3a eMnipHHHoro 
^opMynow [1]:
s  >  s  = P p  T n  n  1 ^
s hom.T > s homT .p  ß  5 v3.1/
ge S hom.t.p . - noBHa HoMmaabHa po3paxyHKoBa noTy^rncTb TpaHC^opMaTopa;
P p .r n  - cyMapHe po3paxyHKoBe aKTHBHe HaBaHTmeHHa Tn;
N  - KiHbKiCTb TpaHC^opMaTopiB Tn.
BnönpaeTbca HanönH^na örnbma CTaHgapTHa HoMmaabHa noTy^rncTb 
TpaHC^opMaTopa [1,3].
3.1 Bnöip CH^OBoro TpaHC^opMaTopa gaa  gaHoro ^ x y
nepBHHHa Hanpyra TpaHC^opMaropa 6 kB. ^epe3 Te rn,o E n  nepeBa^Ho 
Haae^arb go 3-i Kareropii Ta e E n  2-i Kareropii HagißHocri, npnÖMaeTbca 
ogHOTpaHc^opMaTopHa T n  3 Koe^i^eHT 3aBaHTa«:eHHa TpaHc^opMaropa
ßm  = 0 , 7  [1 ].
3a ^opMyaoro (3.1):
s  r >  S  T =  28,77 = 41 1 kBA.
^ H O M . l  —  ^ H O M . l  . p  J 0 7  ?
BnönpaeMo TpaHC^opMarop 3 HoMiHaabHoro noTy^HicTro S hom.t = 250 kBA 
THny TM3 -  250/6/0,4.
3.2 BH3HaneHHH noTy^HOcri KOHgeHcaTopHHx ycTaHOBOK 3 
HOMiHa^bHoro Hanpyroro KOHgeHcaTopiB 0,4 kB.
OcKiabKH b öiabmocri BHnagKiB S hom.t > S hom.t.p ., to aepe3 BHÖpam 
TpaHC^opMaropn 6/0,4 kB go^abHo nepegaBara peaKTHBHy noTy^rncTb Big ii 
g^epea 6 kB y Mepe^y Hanpyroro go 1 kB gaa 3aöe3neaeHHa öa^aHoro 
Koe^^ieHTa 3aBaHTa«:eHHa ß
Ua peaKTHBHa noTy^rncTb BH3HaaaeTbca aK:
Qt  = y j (N ' ß T ' Shom.t ) 2 - P p .r n  , (3.2)
^Krn,o nig KopeHeM BeanaHHa 3i 3HaKoM MiHyc, to npHHMawTb QT = 0. 
noTy^HiCTb HK 3 HoMmaabHoro Hanpyroro 0,4 kB BH3HaaaeTbca TaK:
ge Q P.rn. - cyMapHe po3paxyHKOBe peaKTHBHe HaBaHTmeHHa T n  3 Taöa.2.2.
^Krn,o Q h.k. <  0, to BCTaHOBnwBaTH KoHgeHcaTopu 3 HoMmaabHoro Hanpyrow 
0,4 kB He noTpiÖHO.
^Krn,o ^xoB a ^HBuabHa Mepe^a BHKoHyeTbca TiabKH KaöeaaMH, to 
KOMnneKTHi KoHgeHcaToprn ycTaHoBKH (KKY) peKoMeHgyeTbca npuegHyBaTH go 
muH po3nogiabHoro npucTpow HH ^xoBoi n C  [8]. ^ a a  3acTocyBaHHa 
npuÖMaeTbca Haööau^Ha CTaHgapTHa BeauauHa noTy^HocTi KKY Q H.K.cm, aKa 
BuöupaeTbca 3i cne^aabHoi TexmaHoi airepaTypu (KaTaaoriB 3aBogiB - 
BHroTOBnroBaHiB) Ta 3 Taöau^ H 2  gogaTKa .H [8].
n p u  gBox TpaHC^opMaTopax Ha n C  KiabKicTb KKY Mae öyra napHow.
^Kffl,o npH BCTaHoBneHHi HH3bKoBoabTHHX KoHgeHCaTopHHX yCTaHoBoK 
(HKY) 3aaumaeTbca HeKoMneHcoBaHa peaKTHBHa noTy^HicTb, to ii KoMneHcywTb 
3 a gonoMorow gogaTKoBux BucoKoBoabTHux KoHgeHcaTopHux ycTaHoBoK (BKY) 
Hanpyrow 6,3 aöo 10,5 kB, aKi BcraHoBaem Ha muHax P n , U Pn, n rB , r n n .  
BeauauHa ^ e i  HeKoMneHcoBaHoi peaKTHBHoi noTy^Hocri gaa m ^Hoi ^ T ^  
He3HanHa, rn,o oöyMoBaeHe gocTaTHbo 6au3bKHM kpokom cTaHgapTHux BeauauH 
noTy^HocTi KKY, aae b pa3i HaaBHocTi Ha nignpue.McTBi BeauKoi KiabKocTi 
^ xobhx n C  aacTKa ii 3pocTae.
HeKoMneHcoBaHy peaKTHBHy noTy^HicTb BH3HaaawTb 3 a ^opMyaow (3.4):
Q HeCK. — Q h .k . Q H.K.Cm. , (3.4)
BuöupaeMo HeoöxigHy noTy^HicTb KKY, aKa npuegHaHa go muH HH 
ogHoTpaHc^opMaTopHoi T n  .
3a ^opMynoro (3.2) nepe3 TpaHc^opMaTop 3 Koe^^iemoM 3aBaHTä«:eHHfl 
TpaHC^opMaTopa ßm  = 0,7 3i cropoHH 6 kB y Mepe^y Hanpyrow go 1 kB 
nepegaeTbca TaKa peaKTHBHa noTy^HicTt
Q t  =7(1 ■ 0,7 • 250)2 -  28,772 = 172,61 KBap.
3a ^opMynow (3.3) noTy^mcTb HK 3 KOHgeHcaTopaMH HOMmanbHoro 
Hanpyrow 0,4 kB:
Qh.k. = 34,98 -172,61 = -137,63 KBap.
OCKmbKH Q h.k. < 0, TO BCTaHOBHWBaTH KOHgeHCaTOpH 3 HOMiHanbHOW 
Hanpyrow 0,4 kB He noTpiÖHO.
4 BHEIP n E P E P I3 y  nPÜ B I^H H K IB
y  gaHOMy gnnaoMHoMy npoeKTi BHÖopy nigaarawTb nepepi3H TaKHx 
npoRig.HHKiR:
-  KaöeabHi aiHii Hanpyrow 6 kB, aKi 3 'egHywTb TpaHC^opMarop ^ xobhx 
n C  3 rnHHaMH p n ;
-  yciei cnaoBoi ^HBHabHoi Mepe^i go 1 kB;
-  po3nogiabHoi Mepe^i Big CPffl go E n;
-  Mepe^i nepecyBHHx En.
Bnöip nepepi3y npoBigHHKiB, aK i napaMeTpiB iHinux eaeMemiB cnaoBoi 
Mepe^i, Mae BignoBigaTH ix poöoTi b HopMaabHoMy, ^opcoBaHoMy 
(nepeBaHTa^eHHa) i aBapiHHoMy (K3) pe^HMax CEn.
Bnöip nepepi3y npoBigHHKiB y 3araabHoMy BHnagKy BH3HaaaeTbca 3a:
-  eKoHoMiaHow rycTHHow CTpyMy;
-  HarpiBaHHaM;
-  BTpaTaMH;
-  BigxnaeHHaMH Hanpyrn;
-  eaeKTpogHHaMiaHow CTiHKicTW H MexaHiaHow M^Hicrw (npnpogHo, rn,o 
i3oaa^a npoBigHHKiB Mae BignoBigaTH Kaacy Hanpyrn) [1,8].
4.1 Bnöip nepepi3y KaöeabHoi' aiHii' Hanpyroro go 10 kB
Bnöip nepepi3y KaöeabHoi aiHii Hanpyrow 6 kB 3giHcHweTbca 3a 
HopMaabHHM pe^HMoM HaBaHTa^eHHa, a nepeBipKa BnöpaHoro nepepi3y -  3a 
MaKCHMaabHHM pe^HMoM HaBaHTa^eHHa i Ha CTiHKicTb 3a aBapiÖHHM pe^HMoM.
nepeBipKy 3a yMoBaMH KopoHH, a TaKo®: Ha MexaHiaHy M^HicTb ®na 
KaöeaiB poönTH He noTpiÖHo, 6o MiHiMaabHHH nepepi3 aawMiHieBoi ^n an  gaa 
KaöeaiB craHoBHTb 2,5 mm2, MigHoi — 1,5 mm2, rn,o BignoBigae MiHiMaabHoMy 
nepepi3y npoBigHHKa
4.1.1 Bußip nepepi3y Kaße^ro 3a Hopivia.ibHHivi pe^HMOM
n p n  BHÖopi nepepi3y Kaßenro, «khh ^ hbhtb T n  3 TpaHC^opMaTopoM 
(TpaHC^opMaTopaMH) 6/0,4 kB, «k CTpyM HopMantHoro pe^HMy I hopm npn 
pagiantHiö cxeMi He3ane^HO Big HHCna TpaHC^opMaTopiB T n  (ogHH aßo gBa) 
npHHMaeTbc« HoMrnantHHH nepBHHHHH CTpyM TpaHC^opMaTopa, «khh 
BH3HanaeTbc« 3a naCnopTHHMH gaHHMH TpaHC^opMaTopa 3a ^opMynoro:
s
1 _  u hom.T { a *.
1 HOpM. _ hom.T .1 fZ  tt ’ v4-1/
V3 ' U  hom.T.1
ge S homT. -  HOMiHantHa noTy^HiCTt TpaHC^opMaTopa, kBA;
U homT1 -  HOMiHantHa nepBHHHa Hanpyra TpaHC^opMaTopa, kB.
Ekohomwho BHrigHHH nepepi3 KaßemB BH3HanaeTtc« «k:
SeK = ^ , (4.2)
J  eK
ge I  Hopp -  CTpyM HopMantHoro pe^HMy, A;
J eK -  HopMoBaHe 3HaneHH« eKoHoMiHHo BHrigHoi rycTHHH CTpyMy, A/mm2. 
Po3paxyHKoBHH eKoHoMiHHo BHrigHHH nepepi3 S eK oKpyra«eTtC« go 
HaHÖHH^noro ömtmoro aßo MeHmoro CTaHgapTHoro nepepi3y S cm , mm2.
4.1.2 nepeBipKa nepepi3y Kaße^ro 3a iviaKCHivia.ibHHivi pe^HMOM
y  pe^HMi MaKCHMantHoro HaBaHTa^eHH« KaßemB gonycthmhh gn« gaHoro 
Kaßenm CTpyM 3 ypaxyBaHH«M yMoBH npoKaagKH Ta BigxnneHH« napaMeTpiB 
HaBKonnmHtoro CepegoBHrn,a Big CTaHgapTHHx yMoB I don Ta Koe^^iemiB 
gonyCTHMoro nepeBaHTa^eHH« K nep, «Ki HaBog«TtC« b Taßnn^x M2 i M3 
gogaTKa M [1], nopiBHWWTt 3i CTpyMoM Horo ^opCoBaHoro pe^HMy I $  3 
ypaxyBaHH«M Koe^^ieHTa pe3epByBaHH« K pe 3.
K  ■ l \  >  I rh =  K  ■ I  , (4.3)nep don — p  pe3 HopM5 v y
n p n  npoeKTyBaHHi y BHxigHHx gaHHx He 3agaeTbca rpa^iK HaBaHTmeHHa 
E n  ^ x y , TOMy mh npHHMaeMo Koe^^ieHT gonycTHMoro nepeBaHTa^eHHa
Knep = 1.
^onycTHMHH TpHBaanö CTpyM gaa KaöeaiB Hanpyroro 6 kB 3 ypaxyBaHHaM 
yMOB npoKnagKH Ta BigxnaeHHa napaMeTpiB HaBKoanmHboro cepegoBHrn,a Big 
CTaHgapTHHx yMOB npn ix TpHBaaoMy xapaKTepi BH3HaaaeTbca TaK:
J don. = K cep ■ K np. ■ h o n  ’ (4.4)
ge K cep -  nonpaBOHHHH Koe^^ieHT Ha TeMnepaTypy HaBKoanmHboro
cepegoBH^a, aK^o BOHa BigMiHHa Big CTaHgapTHOi (T aöan^ 1.3.3 n y E  [2] aöo 
T aöan^  M4, gogaTKa M [1]);
Knp. -  nonpaBKoBHH Koe^^ieHT Ha KiabKicTb KaöeaiB, rn,o ae^aTb nopya y 
3eMai (Taöan^ 1.3.26 n y E  [2] aöo T aöan^ M5, gogaTKa M [1]);
Idon. -  gonycTHMHH TpHBaanö CTpyM npoBigHHKa CTaHgapTHoro nepepi3y gaa 
CTaHgapTHHx yMoB (gaa ogHiei oKpeMoi arnii; CTaHgapTHHx TeMnepaTyp gaa 3eMai 
Ta Boga +15°C i +25°C gaa noBiTpa) 3aae^Ho Big MaTepiaay ^n a , ix i3oaagii, 
cnocoöy npoKaagaHHa, (T aöa^a  M6, M7, gogaTKa M [1]).
nonpaBKoBHH Koe^^ieHT Ha TeMnepaTypy HaBKoanmHboro cepegoBHrn,a 
K cep Mo^Ha TaKo^ oöancaHTH 3a ^opMyaoro:
~T —TTT _ M.H. cep.Kcep A rp _  p  , (45)
y 1 w .h. 1 cep.H
ge T m .h. -  HopMoBaHi TpHBaao gonycTHMi TeMnepaTypn ^n an  Ta cepegoBH^a 
BignoBigHo;
Tcep. -  ^aKTHHHa TeMnepaTypa HaBKoanmHboro cepegoBH^a (y gaHoMy 
gnnaoMHoMy npoeKTi npnÖMaeTbca 3aae^Ho Big peaabHHx gaHHx).
T aö n n ^  4.1 -  ^onycTHMi TeMnepaTypn npoBigHHKiB y HopManbHoMy, 
^opcoBaHOMy Ta aBapiÖHOMy pe®HMax
^onycTHMa TeMnepaTypa ®hhh T ^ .h. , ° C








Kaöem 3 nanepoBow 
npoconeHow i3onM,iew: 
- go 1 kB 80 125 200
- 6 kB 65 100 200
- 10 kB 60 90 200
Kaöem i npoBogn 3 
i3onM,iera:
- ryMoBow 3BHHaÖHoW 55 100 150
- ryMoBow 65 110 150
TennocTiHKow 70 90 150
- nomBmmxnopHgHora 70 80 120
- nomeraaeHoBow
^onycTHMi TeMnepaTypn HarpiBaHHa npoBigHHKiB 3ane®aTb Big ix 
KoHCTpy^ii Ta pe®HMy (rn ö n n ^  4.1) [9].
CTpyM ^opcoBaHoro pe®HMy I®  gna ogHOTpaHC^opMaTopHHx n C  3 
pe3epByBaHH^M Mi®; cycigmMH n C  3a gonoMorow KaöenbHHx nepeMHHOK npn 
Hanpy3i go 1 kB npHHMaeTbca K pe3 = 1,3, npn pe3epByBaHHi 3a gonoMorow 
mHHHHx nepeMHnoK HH -  K pe3 = 1,4, 6e3 pe3epByBaHHa -  Koe^^ieHT 
CHCTeMaTHHHoro nepeHaBaHTa®eHHfl npHHMaeMo K pe3=1,0, 3a BigcyTHocTi gaHHx.
y  pa3i HeBHKoHaHHa yMoBH 3a ^opMynow (4.3) HeoöxigHo npHHHATH HoBe 
3HaneHHa Hafi6nH®Horo ömtmoro CTaHgapTHoro nepepi3y Kaöenw, m,oö BoHa 
BHKoHyBanact.
4.1.3 nepeBipKa nepepi3y Kaßearo Ha TepMiHHy crifiKicrb
n p n  Hanpy3i noHag 1 kB Kaöeai, aKi 3axHrn,aroTbca 3anoömHHKaMH, Ha 
TepMiHHy CTiHKicTb npn K3 He nepeBiparoTbca.
TepMiHHa 3gaTHicTb Mo^e öyra o^HeHa HaHMeHmHM nepepi30M Kaöearo 
(mm2), TepMOCTiHKHM go CTpyMiB K3, aK:
S  = J 3 l  =  J L < L  =  (4  6 )
S MiH q  q  q  , (46)
ge B k -  TennoBHH iMnyabc CTpyMy K3, A2c;
C -  TeMnepaTypHHH Koe^^ieHT, aKHH BpaxoBye oÖMe^eHHa gonycTHMoi 
TeMnepaTypn Kaöearo (HaBogHTbca b T aö a^ a  M 8 , gogaTKa M [1]), Ac1/2 /mm2;
I k =  In .o . -  nonaTKoBe 3HaaeHHa nepiognaHoi cKaagoBoi CTpyMy Tpn$a3Horo 
K3, A;
t  -  gificHHH aac BHMHKaHHa K3, c.
BeanaHHa giHcHoro aacy BHMHKaHHa K3 t  cKaagaeTbca 3 aacy gii ocHoBHoro 
peaeHHoro 3 axncTy (P3) t 3ax. aacy BHMHKaHHa BHMHKaaa bhmhk b t euMUK.e. (Mo^Ha 
npHHHaTH bhmhk B t  = 0,05 c) i cTaaoi aacy anepiognaHoi cKaagoBoi CTpyMy K3 
(T a  = 0,05 c).
 ̂~ 3̂ax +1euMUK.e. + Ta, (4.7)
Ha aiHiax go T n , aKi BigxogaTb Big mHH P n , 3acTocoByeTbca 
gBocTyneHeBHH cTpyMoBHH P3, aKHH cKaagaeTbca 3 i cTpyMoBoi BigciaKH (CB) i 
MaKcHMaabHoro cTpyMoBoro 3axncTy (MC3).
Ochobhhm 3 axncToM gaa pagiaabHHx cxeM ^HBaeHHa ^ T ^  6 e3 EA Ha BBogi 
go TpaHc^opMaTopa (rayxnfi BBig) npn kopotkhx aiHiax, ^ o  xapaKTepHo gaa 
npoMHcaoBHx nignpneMcTB, e CB. y  ^oM y BHnagKy gificHHH aac BHMHKaHHa K3 
Mo^Ha npHHHaTH t  = 0 ,2 c.
^K ^o nicaa po3paxyHKy 3a ^opMyaoro (4.6) BHKoHyeTbca yMoBa Sem >  S m h , 
to 3aanmaeTbca cTaHgapTHHH nepepi3 Kaöearo. ^Krn,o B pe3yabTaTi po3paxyHKy
S cm <  S MiH., to HeoöxigHo npuHHaTH HOBe Hafiöau^ae öiatme 3HaaeHHa 
CTaHgapTHoro nepepi3y Kaöearo Sem >  S m h  Kaöeat MapKH AAMb 3acTocoBywTt 
gocuTt aacTo. BiH Mae aaroMmieBi ^uau , nanepoBy npocoaeHy Macao - 
Karn^oatHy Ta HecTiKawaow MacaMH i3oa^iro, aaroMmieBy oöoaoHKy, maaHr 
noBepxHeBHH noaiBmiaxaopugHHH.
Buöip nepepi3y Kaöearo Hanpyrow 6 kB go T n
BuöupaeMo nepepi3 Kaöearo Hanpyrow go 10 kB, HoMiHaatHa noTy^HicTt 
TpaHc^opMaropa S HOM.T. =  250 kBA.
P n  e BÖygoBaHHM y öygiBaro ^ x e . Big P n  ^HBaaTtca E n  2-i Kareropii. 
ToMy npuHMaeTtca KiatKicTt roguH BHKopucTaHHa MaKcuMyMy HaBaHTa^eHHa 3a 
piK TMaKC =  5000 rog/piK, Koe^^ieHT gonycTHMoro nepeBaHTmeHHa Kaöearo 
Knep =  1, MapKa Kaöearo AAMb , TeMnepaTypa HaBKoaumHtoro cepegoBH^a 
(3eMai) T cep -  20°C, noaaTKoBe 3HaaeHHa nepioguaHoi cKaagoBoi cTpyMy 
Tpn^a3Horo K3 y MaKcuMaatHoMy pe^HMi Ha muHax P n  I n.0. =  6 kA.
3a ^opMyaow (4.1) BH3HaaaeTtca HoMmaatHHH nepBHHHHH cTpyM
TpaHc^opMaropa:
^ . r ,  =  ^  =  24,05A .
^ a a  KaöeaiB i3 nanepoBow i3oaa^ero 3 aaroMirneBHMu ^uaaMH npu 
TMaKC = 5000 rog/piK eKoHoMiaHa rycTHHa cTpyMy J eK =1,2 A/mm2. 3a ^opMyaoro 
(4.2) eKoHoMiaHo BHrigHHH nepepi3 Kaöearo b HopMaatHoMy pe^HMi poöora:
S = 24,05 = 20,04 mm2
1,2
BuöupaeTtca Haööau^aHH öiatm uö cTaHgapTHHH nepepi3 Kaöearo 
S cm. =  2 5  mm2.
n p u  HopMoBaHiH TpuBaao gonycTHMiö TeMnepaTypi Kaöearo MapKH AAffla 
Hanpyrow 6 kB T ^ .h =  65°C, HopMoBaHiH TpuBaao gonycTHMiö TeMnepaTypi 
cepegoBH^a Tcep h = 15 °C i ^aKTHamö TeMnepaTypi HaBKoaumHtoro cepegoBH^a
T cep = 20 °C nonpaBKOBHH Koe^^ieHT Ha TeMnepaTypy HaBKoanmHboro 
cepegoBH^a 3a ^opMyaoro (4.5):
K  = I65  -  20 . p n c  
V 65 -1 5  0’95 '
3 Taöan^ 1.3.3 nY E [2] aöo Taöan^ M4, gogaTKa M, [1] nonpaBKoBHH 
Koe^^ieHT Ha TeMnepaTypy HaBKoanmHboro cepegoBH^a K cep = 0,94.
nonpaBKoBHH Koe^^ieHT Ha KiabKicTb KaöeaiB npn npoKaag^ Kaöearo 
BcepegHHi npHMirn,eHHa ^ x y  npHHMaeTbca K np =  1.
n p n  npoKaag^ b 3eMai gaa Tpn^nabHHx KaöeaiB MapKH ÄÄfflB Hanpyrow 6 
kB i nepepi3oM ^ n an  25 mm2 gonycthmhh TpHBaanö CTpyM I don =  105 A. 3a 
^opMyaoro (4.4):
I don = 0,95 -1 -105 = 99,75 A.
3a BHxigHHMH gaHHMH pe3epByBaHHa Ha cTopom HH He nepegöaaeHe, ToMy 
npHHMaeTbca Koe^^ieHT gonycTHMoro pe3epByBaHHa K pe3 =  1.
YMoBa nepeBipKH nepepi3y Kaöearo b pe^HMi MaKcHMaabHoro 
HaBaHTa^eHHa 3a ^opMyaoro (4.3) BHKoHyeTbca:
1 - 99,75  >  1 - 24,05  A.
99,75 > 24,05 A.
^ a a  KaöeaiB 3 aaroMmieBHMH cy^abHHMH ^HaaMH i nanepoBow i3oaa^ero 
npn Hanpy3i 6 kB npHHMaeTbca TeMnepaTypHHH Koe^^ieHT C  = 92 AcJA /mm2.
^ a a  pagiaabHoi cxeMH ^HBaeHHa T n  6e3 EA Ha BBogi go TpaHC^opMaTopa 
(rayxnö BBig) npn kopotkhx aiHiax gificHHH aac BHMHKaHHa K3 npHHMaeTbca 
t  = 0,2 c. HaÖMeHmHH nepepi3 Kaöearo, aKHH e TepMocTiHKHM go CTpyMiB K3, 
BH3HaaaeTbca 3a ^opMyaow (4.6):
O 3 - r t j ö ä  ] 4 5 B  2
0 MiH -  -----—------  -  14,58 MM
TaKUM huhom, S cm. = 25 mm2 > S MiH = 14,58 mm2, TOMy BaöapaeTbca Kaöeab 
ÄAM b -  6 (3x25).
4.2 Baöip nepepi3y npoBigHHKiB ^HBHabHoi' Mepe^i Hanpyroro go 1 kB
B eaeKTpaHHax Mepe^ax Hanpyrow go 1 kB nepepi3 ^aBaabHax Mepe^ b 
ocHOBHOMy BaöapawTb 3a yMOBaMH HarpiBaHHa aöo 3a eKOHOMiHHOW rycTUHOW 
CTpyMy M me b pa3i gocaTb BeaaKOi KiabKocTi rogaH BUKopacTaHHa MaKcaMyMy 
HaBaHTa^eHHa (noHag 4000 -  5000 rog), aKa b ^ xobux eaeKTpaHHax Mepe^ax 
öyBae gocaTb pigKO.
Ochobhow yMOBOW Baöopy nepepi3y npoBigHUKiB e BeaaaaHa HarpiBaHHa ix 
eaeKTpaaHUM CTpyMOM y HopMaabHOMy, ^opcoBaHOMy Ta aBapiaHOMy pe^aMax. 
^Krn,o TeMnepaTypa HarpiBaHHa nepeBurnaTb gonycTUMy, to 3aae^HO Big 
BeaaauHa nepeBarn,eHHa a  TpaBaaocT aacy eaeMeHT MO^e öyTa nomKog^eHaa, 
rn,o cnpHHHHHTb nopymeHHa HopMaabHOi poöoTa cacTeMa, a b ripmoMy BanagKy 
(3aropaHHa i3oaa^i) MO^e npa3BecTa go no^em . ToMy gaa Bcix BagiB 
npoBigHHKiB Ta yMOB ix 3acTOcyBaHHa roaoBHUM y Baöopi nepepi3y e HarpiBaHHa, 
aKe BH3HaaaeTbca gBOMa e^eKTaMa TenaoBoro BnaaBy: MaKcaMaabHO 
gonycTUMOW TeMnepaTypow Ta TenaoBUM 3hocom i3oaa^i gaa gaHoro pe^aMy a 
Kaacy i3oaagii.
^ k KpaTepia gonycTHMOCTi Toro hu mmoro pe^aMy 3a HarpiBaHHaM 
BHKopncTOBywTb cyMapHaa BnaaB Ha CTpoK cay^ÖH npoBigHHKa MaKcaMaabHOi 
TeMnepaTypa a  TpaBaaocri 3Hocy i3oaa^i 3a po3raaHyTaa nepiog. n p a  pi3Kax 
niKax HaBaHTa^eHHa öiabmy Heöe3neKy cTaHOBUTb MO^aaBicTb nepeBarn,eHHa 
MaKcaMaabHO gonycTUMOi TeMnepaTypa, aKrn,o rpa^iK HaBaHTa^eHHa 
piBHOMipHaa, Öiabmy Bary Mae cKaagoBa TenaoBoro 3Hocy i3oaa^i. rpaHUHHO 
gonycTUMa TeMnepaTypa HarpiBaHHa npoBigHUKiB HaBegeHa b Taöaa^ 4.1.
4.2.1 Bußip nepepi3y KaöeniB
Bnöip nepepi3y Kaöenro npn HarpiBaHHi b HopMantHoMy pe^HMi nonarae y 
BH3HaneHHi TaKoro MiHiMantHoro nepepi3y, aKnn gonycKae CTpyM He MeHme 
po3paxyHKOBoro:
hon * IP2 , (48)
ge Ip .2 -  po3paxyHKobhh CTpyM 2-ro piBHa eneKTponocTanaHHa.
^onycTHMHH TpnBannn CTpyM gna KaöeniB 3 BpaxyBaHHaM yMoB 
npoKnageHHa Ta BigxnneHHa napaMeTpiB HaBKonnmHtoro cepegoBnrn,a Big 
CTaHgapTHHx yMoB npn ix goBroTpnBanoMy xapaKTepi BH3HanaeTtca 3 
ypaxyBaHHaM nonpaBKoBoro Koe^^ieHTa K nonp TaK:
I ' _ K  • K  • K  • I (4 9)
ge Knonp = 0,92
nonpaBKoBHH Koe^i^eHT K nonp yBogHTtca npn BH3HaneHHi I don gna 
HoTHpH^HntHHx KaöeniB 3 nnacTMacoBow i3ona^ero Hanpyroro go 1 kB, aKrn,o 
gonycTHMi TpHBani CTpyMH B3aTi 3 Taönn^ 1.3.7 nY E  [2] aöo gogaTKa M, 
Taönn^ M9 [1], aK gna Tpn^nntHHx KaöeniB.
^na  KaöeniB, npoKnageHHx y noBiTpi BcepegHHi aöo no3a ^ xom, 3 a öygt - 
aKoi ix KintKocTi nonpaBKoBHH Koe^^ieHT K np = 1, HopMoBaHa TeMnepaTypa 
cepegoBH^a Tep = 25 °C.
Bnöip nepepi3y nnme 3a yMoB gonycTHMoro HarpiBaHHa npH3BogHTt go 
BenHKHx BTpaT aKTHBHoi noTy^HocTi Ta 3HanHHx BTpaT Hanpyrn. ^na 
ocTaTonHoro BHöopy nepepi3y Kaöenro cnig npoBecTH Bci nepeBipKH BignoBigHo 
go BHMor nYE: 3 a yMoB gonycTHMoi BTpaTH Hanpyrn Ta BignoBigHocTi go 
3axncHoro anapaTa.
OopcoBaHHH pe^HM B eneKTpHHHHx Mepe^ax Hanpyroro go 1 kB öyBae 
gocHTt pigKo.
BTpaTa Hanpyrn B Kaöenax y BigcoTKax BH3HanaeTtca aK:
= P P 2 • R  + Q P 2 ' X ' *  , (4.10)
10 • U L
ge P p .2 i Q p .2 -  MaKcuManbHi po3paxyHKOBi aKTHBHe i peaKTHBHe HaBaHTa:eHHa 
2-ro piBHa eneKTponocTanaHHa BignoBigHO, kBt i KBap;
R  K6 i X K6 -  aKTHBHHH i peaKTHBHHH onopu Kaöenro BignoBigHo, Om;
U HOM -  HoMiHanbHa Hanpyra eneKTpuHHoi Mepe:i, kB.
Akthbhhh i peaKTHBHHH onopn Kaöenro oÖHucnroroTb 3a ^opMynaMu:
R kö = rn • K  , (411)
X kö =  x n • kö > (4.12)
ge r n i x n -  aKTHBHHH i peaKTHBHHH nHToMi onopn Kaöenro BignoBigHo, Om/km 
(HaBogaTbca b goBigHHKax);
lKe -  goB^HHa Kaöenro, km.
TaKHM hhhom, ocTaTonHo 3a yMoBaMH HarpiBaHHa BuöupaeTbca nurne toh 
nepepi3 Kaöenro, gna aKoro TpuBanuH gonycthmhh CTpyM öyge öinbmuö y 
^opMyni (4.9), a TaKo: BHKoHywTbca yMoBH gonycTHMoi BTpaTH Hanpyru h 
BignoBigHocTi go 3axucHoro anapaTa.
n p u  Buöopi nepepi3y KaöeniB iHogi 3aMicTb ogHoro Kaöenro öinbmoro 
nepepi3y go^nbHo Buöpara gBa (HaBiTb Tpu) Kaöeni MeHmoro nepepi3y, ^ o  
nonermye yMoBH npoKnageHHa. KpiM Toro, gonycTHMHH CTpyM Kaöenro öinbmoro 
nepepi3y MeHme Hm: y gBox (Tpbox) KaöeniB TaKoro caMoro cyMapHoro 
nepepi3y [1].
^na  Kaöenw MapKH A BBr 3 noniBminxnopugHoro i3ona^ero 3 Taönu^ 4.1 
HopMoBaHa TpuBano gonycTHMa TeMnepaTypa :u n u  T ^ .H = 70 °C, HopMoBaHa 
TeMneparypa cepegoBH^a npu npoKnag^ b noBiTpi Tcep.n = 25 °C. Togi 3a 
^opMynow (4.5) nonpaBKoBHH Koe^^ieHT Ha TeMnepaTypy HaBKonumHboro 
cepegoBH^a:
K  = . I P - 20 = 1,05.
cep V 70 -  25
3 Taögn^ 1.3.3 nY E [2] aöo gogaTKa M, Taögn^ M4 [1] nonpaBKoBHH 
Koe^^ieHT Ha TeMnepaTypy HaBKognmHboro cepegoBHrn,a TaKo^ K cep = 1,05.
n p n  npoKgag^ Kaöegro Bcepegnm npHMirn,eHHfl ^ x y  nonpaBKoBHH 
Koe^^ieHT K np =  1.
3 Taögn^ 2.2 po3paxyHKOBHH CTpyM 2-ro piBHa egeKTponocTanaHHA girni, 
aKa ^ hbhtb CPffl2, Ip .2 = 33,20 A.
3 Taögn^ M9, gogaTKa M [1] gga Tpn^ngbHoro Kaöegro npn npoKgageHHi b 
noBiTpi 3i CTaHgapTHHM nepepi3oM CTpyMonpoBigHoi ^ngn  S cm =  16 mm2 
gonycTHMHH CTpyM I don =  60 A. 3a ^opMygoro (4.9):
I d on = 1,05 -1- 0,92 • 60 = 57,96.
TaKHM hhhom,
I don = 57,96 > Ip 2  = 33,20  A -  yMoBa BHKoHyeTbca.
3 T aög^i 2.2 po3paxyHKoBe aKTHBHe HaBaHTa^eHHa 2-ro piBHa 
egeKTponocTanaHHa P p .2 =  17,99 kBt, po3paxyHKoBe peaKTHBHe HaBaHTa^eHHa 
2-ro piBHa egeKTponocTanaHHa Q p .2 = 12,40 KBap.
3 Taögn^ M11, gogaTKa M [1] gga Kaöegro 3 CTaHgapTHHM nepepi3oM 
CTpyMonpoBigHoi ^ngn  S c t  = 16 mm2 npHHMaroTbca TaK nHToMi onopn Kaöegro:
r n = 1,95 mOm/m, x n = 0,095 mOm/m. ^oB^HHa Kaöegro Ik6 = 19 M. 
Po3paxyeMo Togi 3a ^opMygaMH (4.11) i (4.12) R k6, X e
R k6 =  1 ,9 5  • 1 9 -10-3 = 0,037Om.
X k6 =  0 , 0 9 5  • 1 9  -10-3 = 0,002 Om.
3a ^opMygoro (4.10):
kTT 17,9 9 • 0,037 + 12, 4 0 • 0,002 _
A U k6 =  — -------■--------------5------- -------=  0,48 %
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OcKmtKH BenHHHHa BTpara Hanpyru b Kaöeni He nepeBHrnye gonycTHMoi 
(5 %), to nepepi3 Kaöenro BHÖpaHHH npaBHnbHo.
TaKHM HHHOM, BHÖHpaGTbCa HOTHpH^HHbHHH KaÖeab A BBr (3x16+1x10).
nepepi3 KaöeaiB ^HBHabHoi Mepe:m go P n  ^ x y  (^ P O , CPm1, CPm2,), 
BHÖnpaeTbca aHanorinHo, aK i go CPm2. Po3paxyHOK BTpaT Hanpyrn TaKo^ 
npoBoguTbca aHanorinHo. Pe3ynbTaTH po3paxyHKiB HaBogaTbca b T aön^ i 4.2.
T a ö n ^ i 4.2 -  Bnöip nepepi3y KaöeniB ^HBHnbHoi Mepe^i
Kaöenb go 
nPE
Sct, MM 1 gon A A AUk6,% Tun Kaöenw l, M
Ao ^ P O 2,5 18,35 7,74 0,11 A BBr3x2,5+1x2,5 5
Ao CPm2 16 57,96 33,20 0,48 A BBr3x16+1x10 19
Ao CPm1 16 57,96 34,06 0,42 A BBr3x16+1x10 15
4.3 Bnöip nepepi3y npoßigHUKiß po3noginbHoi‘ Mepe^i Hanpyroro go 1 kB
B eneKTpHHHHx Mepe^ax Hanpyroro go 1 kB nepepi3 npoBogy (Kaöenro) 
po3noginbHHx Mepe®: 3aB^gn BHÖnpawTb 3a yMoBoro HarpiBaHHa b HopManbHoMy 
pe^HMi 3a ^opMynoro:
I'do, 2 I p . 1 + ! 3 )
ge Ip.i. -  po3paxyHKoBHH CTpyM 1-ro piBHa eneKTponocTanaHHa (HoMmanbHHH 
CTpyM En).
^onycTHMHH TpHBanHH CTpyM gna npoBogiB I don 3 noniBminxnopHgHoro 
i3ona^ero 3 anroMimeBHMH ^nnaMH 3ane^Ho Big nepepi3y, cnocoöy 
npoKnagaHHa, KinbKocTi npoBogiB y Tpyöi HaBoguTbca B T aön^ i 1.3.5 nY E [2] Ta 
B T aön^ i M10, gogaTKa M [1]. Ana ocraTonHoro BHÖopy nepepi3y npoBogy cnig 
npoBecTH Bci nepeBipKH BignoBigHo go BHMor nYE: 3a MexamnHoro M ^mc™ ,
gonycTHMoro BTpaToro Hanpyru nepepi3 npoBigHHKiB npHHMaeTbca HaöömbmHM 
3a BHrn,e HaBegeHHMH BHMoraMH.
3a yMOBOW MexaHiHHoi m^ hoct MirnManbHHH nepepi3 anroMmieBHx 
npoBogiB -  2,5 mm2, MigHHx -  1,5 mm2.
BTpaTa Hanpyrn b npoBogax y BigcoTKax BroHanaeTbca ak:
a u  =  P p l ' Rnp + q p l ' X n p  (414)
np io • u 2 ’ ( . j
ge pp 1 . i qp 1 . -  po3paxyHKOBi aKTHBHe i peaKTHBHe HaBaHTa^eHHA 1-ro piBHa 
eneKTponocTanaHHA E n  BignoBigHO, kBt i KBap;
Rnp i Xnp -  aKTHBHHH i peaKTHBHHH onopn npoBogiB BignoBigHo, Om;
U hom -  HOMiHanbHa Hanpyra eneKTpHHHoi Mepe:m, kB.
Akthbhhh i peaKTHBHHH onopn npoBogiB oönncnwwTb 3a ^opMynaMH:
R np = rn • lnp , (415)
X np =  Xn • lnp , (4.16)
ge rn i xn -  aKTHBHHH i peaKTHBHHH nHToMi onopn Kaöenro BignoBigHo, Om/km 
(HaBog^Tbca b goBigHHKax); 
lnp. -  goB^HHa Kaöenro, km.
4.3.1 Bnöip npoBogiB Big C PM  i ^ P O  go E n
npHHMaeMo MapKy ogHo^HHbHoro npoBogy A nB, npoKnageHHA npoBogiB y 
CTaneBifi Tpyöi, ^aKTHHHy TeMnepaTypy HaBKonnmHboro cepegoBHrn,a 
Tcep  =  20°C.
npoBogy MapKH A nB 3 nomBiHmxnopHgHoro i3on^iero 3 Taönn^ 4.1 
HopMoBaHa TpHBano gonycTHMa TeMnepaTypa ^ hhh T ^ m = 65°C, HopMoBaHa 
TeMnepaTypa cepegoBH^a npn npoKnageHHi b 3eMni Tcep.H =15°C. Togi 3a 
^opMynow (4.5) nonpaBKoBHH Koe^^ieHT Ha TeMnepaTypy HaBKonnmHboro
cepegoBH^a K eep = 0,95. 3 Taöan^ 1.3.3 nY E [2] aöo Taöan^ M4, gogaTKa M 
[1], nonpaBKOBHH Koe^^ieHT Ha TeMnepaTypy HaBKoanmHboro cepegoBHrn,a 
TaKO ;̂ K eep = 0,95.
n p n  npoKaageHHi npoBogy BcepegHHi npHMirn,eHHa ^ x y  b cTaaeBHx Tpyöax 
nonpaBKOBHH Koe^^ieHT K np = 1, 6o b goBigKOBHx Ta6aH^ax ypaxoByroTbca 
yMOBH npoKnagKH 3aae^Ho Big KiabKocTi npoBogiB y Tpyöi.
^ a a  $pe3epHHx BepcrariB (E n N3,11,16) 3 Taöan^ 2.2 c o s y  = 0,5, KKfl,
npHHMaeTtca rjm M.d. = 1.
HoMiHanbHHH CTpyM N  3,11,16 BH3HaaaeTbca 3a ^opMyaoro (2.8):
I mMÖ =  r  12,8------- = 38,9 A.
' v3 • 0,38 • 0,5 -1
3 Taöan^ M10, gogaTKa M [1] gaa aorapbox ogHo^nabHHx npoBogiB, aKi 
npoKnagem b ogrnö Tpyöi, gaa CTaHgapTHoro nepepi3y S c t  = 16 mm2 gony cthmhh 
CTpyM gaa CTaHgapTHHx yMoB I don = 55 A. ^ony cthmhh CTpyM 3 ypaxyBaHHaM 
yMoB HaBKoanmHtoro cepegoBHrn,a h yMoB npoKaageHHa BH3HaaaeTbca 3a 
^opMyaoro (4.4):
I d o n =  0,95 -1- 55 = 52,25, A
3a ^opMyaoro (4.13):
l 'don =  52,25  > I P 1 =  I HOM.d  =  38,9  -  yMoBa BHKoHycrbca.
YMoBa MexaHiHHoi M^Hocri TaKo^ BHKoHyeTbca (16 mm2 > 2,5 mm2).
3 Taöan^ M 11, gogaTKa M [1] gaa npoBogy 3i craHgapTHHM nepepi3oM 
cTpyMonpoBigHoi ^ n an  S ct = 16 mm2 npHHMawTbca TaKi nmoMi onopn: 
r n = 1,95 mOm/m, x n = 0,095 mOm/m.
^oB^HHa npoBogy go Haööiabm BiggaaeHoro E n  N  16 ln p =  14 m. Togi 3a 
^opMyaaMH (4.15) i (4.16):
R p = 1,95 -14 -10-3 = 0,027 Om.
X np =  0 , 0 9 5  - 1 4  -10-3 = 0,001 Om.
Aga $pe3epHHx CTaHKiB npn tgpHOM.d. = 1,73, aKHH BignoBigae cosyHOM.d  = 0,5, 
3a ^opMyaoro (2.5) po3paxyHKOBe peaKTHBHe HaBaHTmeHHa nepmoro piBHa 
eaeKTponocranaHHa:
q p l  = 12,8 -1,73 = 22,17 KBap.
BnöpaHHH CTaHgapTHHH nepepi3 npoBogy nepeBipaeTbca Ha BTpaTy Hanpyra 
3a ^opMyaoro (4.14):
KTT 12,8 - 0,027 + 22,17 - 0,001 
A U k6 =  — ---- ,------------ ^------,-----= 0,26 %.
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OcKintKH BenHHHHa BTpaT Hanpyrn b npoBogi He nepeBHrnye gonycTHMo 
(5%), to nepepi3 npoBogy BHÖpaHHH npaBHabHo.
Aga Tpbox npoBogiB CTaHgapTHoro nepepi3y S c t  =  16 mm2, npoKaageHHx y 
craaeBm Tpyöi, BHÖnpaeTbca npoBig A nB (1x16) T32.
nepepi3 npoBogiB po3nogiabHoi Mepe^i go iHiiiux E n  BHÖnpaeTbca 
aHaaorinHo. nepeBipKa Ha BTpara Hanpyrn, BHÖip giaMeTpy CTaaeBHx Tpyö TaKo^ 
3gificHweTbca aHaaorinHo.
Ao E n  npHHHaTi TaKi goB^HHH npoBogiB (öepeTbca Haöömbma goB^HHa 
npoBoga go E n  3 ogHaKoBHMH napaMeTpaMH, TaK aK po3paxyHKy BTpara öygyTb 
Haööiabmi).
Pe3yabTaTH po3paxyHKiB Ta goB^HHa npoBogy go E n , HaBogaTbca b 
Taö an ^  4.3 -  Bnöip nepepi3y npoBogiB po3nogiabHoi Mepe^i Big CPffl go En. 
^pHH^H^OBa cxeMa po3nogiabnoi Mepe^i ^ x y  HaBegeHHH y AogaTKy r .
T aö n n ^  4.3 -  Bnöip nepepi3y npoBogiB po3nogmtHoi Mepe^i Big 
CPm  go E n
npoBig go 
E n m Sem-
Jf
1 don lnpoe.5 M A U n p %
Tun
Kaöenro
1 2 3 4 5 6
1 4 21,85 3 0,06 AnB(1x4 )T20
2 4 21,85 13 0,11 AnB(1x4) T20
3 16 52,25 5 0,09 AnB(1x16) T32
4 4 21,85 11 0,34 AnB(1x4) T20
5 10 52,25 2 0,08 AnB(1x10) T32
6 4 21,85 7 0,42 AnB(1x4) T20
7 4 21,85 3 0,03 AnB(1x4) T20
8 4 21,85 12 0,23 AnB(1x4) T20
9 4 21,85 8 0,07 AnB(1x4) T20
10 4 21,85 13 0,25 AnB(1x4) T20
11 16 52,25 3 0,06 AnB(1x16) T32
12 4 21,85 10 0,08 AnB(1x4) T20
13 4 21,85 10 0,31 AnB(1x4) T20
14 4 21,85 9 0,54 AnB(1x4) T20
15 4 21,85 11 0,04 AnB(1x4) T20
16 16 52,25 14 0,26 AnB(1x16) T32
17 4 21,85 10 0,11 AnB(1x4) T20
5 PO3PAXYHOK CTPYMIB K O PO TK O rO  3AMHKAHHA
EaeMeHTH CEn, aKi noTpannan b KopoTKo3aMKHyTHH aaH^ro^, 3a3HaroTb 
TepMiHHoro ö eaeKTpogHHaMiHHoro BnaHBy CTpyMiB. ^Krn,o BeaHHHHa ^ o ro  
BnaHBy nepeBHrnye gonyCTHMy, eaeMeHT ymKog^yeTbCa i 3aBgae CEn 3ÖHTKiB.
^ o ö  3ano6irra ^oMy, Tpeöa:
a) BH3HaHHTH BeaHHHHy CTpyMiB K3;
ö) nepeBipHTH gonycTHMiCTt ^HX CTpyMiB gaa BHÖpaHHx EA i 
CTpyMonpoBigHHx nacTHH (aKrn,o CTpyMH BHaBaaTbCa öiabmi 3a gonyCTHMi, to 
noTpiÖHo BHÖpaTH eaeMeHT, rn,o Mae öiabmy CTiÖKiCTb aöo oÖMê HTH CTpyMH 
maaxoM 3ÖiabmeHHa rngyKTHBHoro onopy aaH^ro^a);
b) po3paxyBaTH 3axHCT gaa CeaeKTHBHoro BHMHKaHHa nomKog^eHoi 
giaaHKH.
BignoBigHo go BHMor nYE rn,ogo pe^HMy K3 Ha CTiÖKiCTb go BnaHBy 
CTpyMiB K3 B EY go 1 kB noBHHHi nepeBipaTHca po3nogiabHi ttthth, 
CTpyMonpoBogn Ta CHaoBi ma^H.
^aa BHÖopy i nepeBipKH CTiÖKoCTi EA i CTpyMonpoBigHHx aaCTHH go 
CTpyMiB K3 po3paxyHKy nigaarawTb:
-  Haööiabme noaaraoBe giroae 3HaaeHHa nepiognaHoi CKaagoBoi CTpyMy 
Tpn$a3Horo K3 ln(0) ;
-  ygapHHfi CTpyM iy Tpn$a3Horo K3.
npa BHÖopi h nepeBip^ anapaTypn rn,ogo ii CTiÖKoCTi go CTpyMiB K3 
po3paxyHKoBHM BBa^aeTbCa MaKCHMaabHHH pe^HM, 3a aKoro CTpyMH K3 MawTb 
MaKCHMaabHi 3HaaeHHa.
npn po3B'a3aHHi 3aBgaHb 3axHCTy po3paxyHKoBi yMoBH 3aae^;aTb Big ^aeö 
po3paxyHKy, aKHx iCHye gBi: BHÖip napaMeTpiB Cnpa^oByBaHHa 3axHCTiB, 
nepeBipKa ayTaHBoCTi.
^aa nepeBipKH ayTaHBoCTi po3paxyHKoBi yMoBH BignoBigawTb HaÖMeHmHM 
3HaaeHHaM CTpyMiB K3 y Mi^i yCTaHoBaeHHa 3axHCTy (MirnMaabHHH pe^HM
poöoTH ®HBHabHoi eHeproCHCTeMH, Haööiabma KiabKiCTb noCaigoBHo 
BBiMKHeHHx eaeMemiB Mi®; g®epeaaMH reHepa^i i tohkow K3).
YHaCaigoK ^ o ro  gaa ^aeö BHÖopy napaMeTpiB Cnpa^oByBaHHa 3axHCTy 
BH3HanawTb Haööiabmi IK MaKC i gaa nepeBipKH ayTaHBoCTi HaHMeHmi IK MiH 
3HaaeHHa nepiogHHHoi CKaagoBoi CTpyMy b Mi^i K3 b eaeMeHTax Mepe®i, gaa 
aKoi npoeKTyeTbca 3axncT. Po3paxyHoK 3gificHweTbca gaa noaaTKoBoro MoMeHTy 
Hacy.
TaKHM hhhom, po3paxyHKoBHM BHgoM K3 e:
-  npn BHÖopi EA i npoBigHHKiB 3a ix CTiHKicTW go gii CTpyMiB K3 -  
Tpn^a3He K3;
-  npn BHÖopi 3axHCTy -  Tpbox -  i ogHo$a3Hi K3 [1].
5.1 P03paxyH0K CTpyMiB TpH^a3HOrO KOpOTKOrO 3aMHKaHHH
3HaneHHa CTpyMiB K3 b eaeKTpHHHHx Mepe®ax Hanpyrow go 1 kB 
BnaHBawTb Ha BHÖip nepepi3y npoBogiB i ®ua KaöeaiB, KoHCTpy^iro 
CTpyMonpoBogiB, xapaKTepncTHKH KoMyTa^ÖHHx i 3axncHHx anapaTiB. ToMy gaa 
3aöe3neneHHa pa^oHaabHoro npoeKTyBaHHa BHyTpimHbo^xoBoro
eaeKTponocTanaHHa caig BHKoHaTH goCTOBipHHH po3paxyHoK CTpyMiB K3.
^aa BHÖopy anapaTypn i 3axncTiB, nepeBipKH ceaeKTHBHocTi ix gii 
BH3HaaawTb MaKCHMaabHHH CTpyM Tpn$a3Horo MeTaaeBoro K3, y ^oMy BHnagKy 
nepexigHi onopn gyrn He BpaxoBywTb. ^aa nepeBipKH ayTaHBocTi 3axncTiB 
3HaxogaTb MirnMaabHHH CTpyM K3; npn ^oMy BpaxoBywTb yci nepexigHi onopn 
KoHTaKTiB (pyÖHabHHKiB, aBToMaTiB, yCTaBHHx KoHTaKTiB, ÖoaTOBHx 3'egHaHb) i 
onip gyrn b Mi^i nomKog®eHHa maaxoM BBegeHHa b cxeMy 3aMirn,eHHa 
aKTHBHoro onopy.
npn po3paxyHKax CTpyMiB K3 b EY 3MiHHoro CTpyMy Hanpyrow go 1 kB 
gonycKaeTbca:
-  3aCToCoByBaTH Cnporn,em MeTogn po3paxyHKiB, aKrn,o ix norpimHiCTb He 
nepeBH^ye 10 %;
-  MaKCHMaabHO CnpornyBaTH Ta eKBiBaaeHTyBaTH bcw aoBrnniHro Mepe^y
^ogo Mi^a K3, mguBigyanbHO BpaxoByBaTH Mme aBTOHOMHi g^epena Ta E^, 
aKi 6e3noCepegHbo npuegHam gO Mi^a K3;
-  He BpaxOByBaTH CTpyMH HaMaraiHyBaHHa TpaHC^opMaTopiB;
-  He BpaxOByBaTH HaCHHeHHa Mararraux CHCTeM eaeKTpuHHux MamuH;
^O OCOÖnHBOCTefi pO3paxyHKy CTpyMiB K3 b eaeKTpuHHux Mepe^ax:
-  Hanpyroro gO 1 kB MO^Ha BigHeCTH TaKe:
-  po3paxyHKH go^HbHO npoBoguTH b iMeHOBaHux oguHH^x;
-  noHaTKOBe giwne 3HaHeHHa nepioguHHOi CKaagoBOi CTpyMy Tpu$a3Horo 
K3 MO^Ha BBa^aTH He3MiHHHM i  , = i (3);n(0) k ’
-  aKTHBHi onopu eneMeHTiB ^aH^w^a K3 MawTb CyrreBe 3HaHeHHa i MO^yTb
HaBiTt nepeBepmyBaTH peaKTHBHi.
MeToguKa pO3paxyHKy noHaTKOBoro giroHoro 3HaHeHHa nepioguHHOi 
CKaagoBOi CTpyMy K3 3ane^HTb Big CnoCOÖy eaeKTponoCTaHaHHa - Big 
eHeprOCHCTeMH hh Big aBTOHOMHOrO ^ ^ .
PO3paxyHOK CTpyMiB K3 noHUHaeTbCa 3i CKaagaHHa po3paxyHKOBOi cxeMH, 
cxeMH 3aMi^eHHH ö Buöopy tohok K3. npu CKnagaHHi eKBiBaaeHTHux cxeM 
3aMirn,eHHa napaMeTpu eneMerniB BuxigHOi po3paxyHKOBOi cxeMH cnig 
npuBOguTH gO CTyneHa Hanpyru Mepe^i, Ha aKOMy 3HaxoguTbCa TOHKa K3 [1].
TaK hk BigcyTHi gOCTOBipHi gaHi rn,ogo KOHTaKTiB i ix nepexigHux OnOpax, to 
npu OÖHHCaeHHi CTpyMiB K3 ypaxoByeMO ix yMOBHuö CyMapHuö Onip y Mepe^ax, 
aKi ^HBHaTbCa Big TpaHĈ OpMaTOpiB nOTŷ HiCTW gO 1600 kBA bkhmhho, 3rigHO
3 TaKHMH peKOMeHga^aMH [8]:
• Ha po3nogiabHux npuCTpoax HH TpaHC^opMaTopiB nC -  Rk1 = 15 mOm;
• Ha nepBHHHux ^ xobhx po3nogiabHux nyHKTax (CPffl, 3ÖipKax) i Ha 
3aTHCKaHax EA, aKi ^HBnaTbCa pagiaabHHMu nimaMH Big po3nogiabHux 
npuCTpoiB HH nC aöo roaoBHux MariCTpaneö (fflMA) -  Rk2 = 20 mOm;
• Ha BTopuHHux ^ xobhx po3nogmbHux nyHKTax i 3aTHCKaHax EA, aKi 
^MBaaTbCa Big nepBHHHux po3nogiabHux nyHKTiB -  Rk3 = 25 mOm;
• Ha 3aTHCKanax EA, ycTaHoBaeHHx 6e3nocepegHbo y En, aKi ^HBaaTbca Big 
BTopHHHHX po3nogmbHHX nyHKTiB -  Rk4  = 30 mOm [1].
ÄaropHTM BH3HaneHHa CTpyMiB Tpn$a3Horo KopoTKoro 3aMHKaHHa. 
BroHanaeMo CTpyM Tpn$a3Horo K3 y nonaTKoBHH MoMeHT nacy b eaeKTpHHHm 
Mepe^i Hanpyroro ^ x y  b Towax Ki, Kr, K2, K2'i K3 gaa cxeMH Ha pncyHKy 5.1.
Bnxigm gam B3aTi 3 nonepegHix pe3yabTaTiB po3paxyHKiB:
CncTeMa: ln(0) = 6 kA, Uhom.m = 10,5 kB.
TpaHC^opMaTop rany: TM3 - 250/6; SHoMT = 250 kBA; Uhom.8H = 6 kB;
Uhom.hh 0,4 kB.
ABTOMaTH:
QF1: BA2004 - 400: Ihom a = 400 A;
QF2: BA2004 - 60: Ihoma = 50 A;
QF3: BA2004: Ihom a = 40 A.
TpaHC^opMaTopn CTpyMy: TA1 3 Koe^^ieHToM TpaHC^opMa^i 100/5;
Kaöeabm aiHii:
K61: AATTTb - 6 (3x25); Ik6j = 30 m;
K62: ABBr(3x16+1x10); U 2 = 19 m; 
npoBig go E n N  16: AnB5(1x16); lnp = 14 m.
Ba3HCHa Hanpyra CTyneHa b eaeKTpHamn Mepe^i Hanpyroro go 1 kB:
U  = 1,05 • U h o m h h =  1,05 ■ 380 = 400 B.
1 eman: Po3paxyHoK napaMeTpiB eaeMerniB cxeMH 3aMirn,eHHa.
-  iHgyKTHBHHH onip CHCTeMH, aKHH npHBegeHHH go CTyneHa HH, 
BH3HanaeTbca 3 a ^opMyaoro:
u L ce H H ------  400'  = 2 , 4 4  mOm.
^  ■ I k .B H  ' U hom.cepBH J 3 ■ 6 ■ 6300
PncyHOK 5.1 -  Po3paxyHKOBa cxeMa (a) i cxeMa 3aMirn,eHHfl (6) gna
po3paxyHKy CTpyMiB Tpn^a3Horo KopoTKoro 3aMHKaHHa
-  y  TaöaH^ M.11 gogaTKa M [1] gaa KaöeabHoi aiHii Hanpyroro 6 kB  (K61) 
nHTOMi onopn TaKi: rn = 1,25 m O m / m ; xn = 0,091 m O m / m . A k t h b h h h  Ta 
iHgyKTHBHHH onopn KaöeabHoi aiHii, aKi npHBegem go CTyneHa HH, 
BH3HanawTbca 3a ^opMyaaMH:
D _  ̂ 7 UHOM.cepHH ^  1 ̂
Rk6.1 -  rn ' Lk6\ ' , (51)
U HOM.cepBH
V _ ,, 7 UH°M.CepHH ^  ^
X k6.1 -  xn ' 1k6\ ' jj , \5-2)
U HOM.cepBH
BHKopncToByeMo ^opMyay (5.1), (5.2.):
R k61 - 1,25 • 30 --4 0 0  -  2,3 m O m  
V61 6300
X 6 1  -  0,091 • 3 0 ■-400  -  0,17 m O m  
k6.1 6300
-  3 Taöan^ JI. 1 gogaTKa Ä [1] npnnMaroTbca BTpara K3 P k.hom = 3,7 kB t , 
Hanpyra K3 uK = 4,5 %. A k t h b h h h  Ta iHgyKTHBHHH onopn npaMoi nocaigoBHocTi 
TpaHC^opMaTopa, aKi npHBegeHi go CTyneHa HH, BH3HanawTbca 3a ^opMyaaMH:
p TT2
R t  =  KHOM . U homHH • 106 , (5.3)
S hom.T
X T -  \ul -  (100 • Pkhom)2 • Uhom.HH 4 03 4, (5.4)
\ ShomT Shom.T
ge P k.hom. -  HoMiHaabHi BTpaTH K3 y TpaHC^opMaTopi, kB t ;
U homh h  -  HoMiHaabHa HanpyraoÖMoTKH HH TpaHC^opMaTopa, k B ;
SHOM.m. -  HoMiHaabHa noTy^HicTb TpaHC^opMaTopa, k B A .
BHKopncToByeMo ^opMyan (5.3), (5.4):
3 7 0 42
R T -  , ' l 4 0 6 -  9,47 m O m .
T 2502
X T = . l4,52 - ( l 0 0 ! 3 ! ) / . M - - I O 4 =  2 7 ,1 9 mO m .
T V 2 5 0  2 5 0
4) 3 Taöan^ H.1 gogaTKa H [1] gaa aBTOMaTa QF1 (BA -  2004/400) 
npHHMaeTbca R ^ = 0,65 mO m ; Xa.1 = 0,17 m O m .
5) 3 Taöan^ H.2 gogaTKa H [1] gaa TC (TA1) 3 Koe^^ieHToM 
TpaHC^opMa^i 100/5 gaa Kaacy ToHHocTi 1 npHHMaeTbca Rta1 = 2,7 m O m ; 
X tal = 1,7 m O m .
6) 3 Taöan^ H.1 gogaTKa H [1] gaa aBTOMaTa QF2 (BA2004 -  60) 
npHHMaeTbca Ra.2 = 7 m O m ; Xa.2 = 4,5 mO m .
7) 3 Taöa^i M.11 gogaTKa M [1] gaa KaöeabHoi airni Hanpyroro go 1 kB  
(K 2) 3 ogHaKoBHM nepepi3oM nHToMi onopn TaKi: rn = 1,95 m O m/ m ; xn = 0,095 
m O m/m . A kthbhhh  Ta mgyKTHBHHH onopn KaöeabHoi aiHii Kß2 BH3HaaawTbca 3a 
^opMyaaMH (4.11) i (4.12):
Rk62 = rn • lu62 = 1,95.15 = 29,25 m O m .
X k62 = xn - lKß2 = 0 ,0 9 5  -15 =  1 ,425  m O m .
8) 3 Taöa^i H.1 gogaTKa H [1] gaa aBToMaTa QF3 (BA2006) npHHMaeTbca 
Ra.3 = 7 mO m ; Xa.3 = 4,5 m O m .
9) y  Taöan^ M.11 gogaTKa M [1] gaa npoBogy go E n N  16 nHToMi onopn 
TaKi: rn = 1,95 m O m/ m ; xn = 0,095 m O m/ m . 3a ^opMyaaMH (4.15) i (4.16) 
BH3HaaawTbca aKTHBHHH Ta iHgyKTHBHHH onopn:
R np =  rn . lnp = 1,95 ’14 = 27,3 mOm.
X np =  xn - lnp =  0 ,0 9 5 - 1 4  =  1 ,3 3 m O m .
2 eman: BroHaaeHHa giroaoro 3HaaeHHa nepiogHHHoi CKaagoBoi CTpyMy 
Tpn^a3Horo K3 y noaaTKoBHH MoMeHT (noaaraoBoro HagnepexigHoro CTpyMy) y
pi3HHX ToHKax cxeMH.
1) BroHaneHHA CTpyMy Tpn$a3Horo K3 y tow  Kl. CyMapHi onopn rnogo 
TOHKH K1 BH3HanaWTbCa TaK:
R ^ k  i = R<6\ +  R t  =  2,3 + 9,47 = 11,77 mOm.
X ^ K  l =  X c +  X k61 +  X t  =  2 , 4 4  +  0,17 + 27,19 = 29,8 mOm.
Z£  K1 = y j K1 + K1 = \l11,772 + 29,82 = 32,04 mOm.
nonaTKOBe girone 3HaneHHA nepiogHHHoi CKnagoBoi Tpn$a3Horo CTpyMy npn 
MeTaneBOMy K3 BH3HanaeTbca 3a ^opMynoro:
l  U6 400 = 7 2 A
Kl(0) *J3. z ^ K, = >/3 ■ 32,04 ’
2) BH3HaneHHfl CTpyMy Tpn$a3Horo K3 y TO^i K1'. CyMapHi onopn rnogo
TOHKH K1' BH3HanaWTbCa TaK:
R ^ k ' =  +  R a \  +  R ta \  +  Rk1 = 11,77 + 0,65 + 2,7  +15 = 30,12 mOm.
X ^ k  =  X ^ k  +  X a 1 +  X ta 1 =  29,8 + 0,17 +1,7  = 31,67 mOm.
Z ? . < = J R z <  +  = V30,122 + 31,672 = 43,71 mOm.
nonaTKoBe girone 3HaneHHa nepiogHHHoi CKnagoBoi Tpn$a3Horo CTpyMy npn 
MeTaneBoMy K3 BH3HanaeTbca 3a ^opMynoro:
^  = = = -------- = =  = 5,28 A.
K1 (0) V3 ■ ZW i =V3 ■ 43,71 X K 1
3) BH3HaneHHa CTpyMy Tpn$a3Horo K3 y tow  K2. CyMapHi onopn rn,ogo 
tohkh K2 BH3HanawTbCa TaK:
R ^  k 2 =  R ^ k  +  R a 2 +  R K6 2 + R k 2 = 11,77 + 7 + 29,25 + 20 = 68,02 mOm.
X ^ — X ^ ^  +  X a 2 +  X k 6 2 — 30,12 + 4,5 +1,425 -  37,60 mOm.
Z ^ k 2 = J R b ^ 2 W 6 8 ,0 2 2737 ,6Ö 2  — 73,02 mOm.
nonaTKOBe girone 3HaneHHH nepiogHHHoi CKaagoBoi Tpn$a3Horo CTpyMy npu 
MeTaneBOMy K3 BH3HaHaeTbCH 3a ^opMynoro:
I  = ----- U6---------- 400—  = 2 97 A
K2(0) y/3 ■ Z ^ k2 — S  ■ 73,02 ,
4) BH3HaneHHa CTpyMy Tpn$a3Horo K3 y toh^  K2'.
CyMaprn onopu rn,ogo tohkh K2' BH3HaHaroTbCH TaK:
^ Y k  — R ^ K  +  ^ 02 +  R Ks  2 + R k 3 —11,77 + 7 + 29,25 + 25 — 73,02 mOm.
X Y  K  — X ^ K  — 37,60 mOm.
Z y j (  — J R ^ k ' +  X y k  — ^ 73,022 + 37 ,602 — 82,13 mOm.
nonaTKoBe girone 3HaneHHH nepiogHHHoi CKaagoBoi CTpyMy npn 
MeTaneBoMy K3 BH3HanaeTbca 3a ^opMynoro:
I — U6_______400 _2 81 A
K ̂  V3 ■ Z ^ Ki = S  ■ 82,12 — 2’81 A.
5) BH3HaneHHa CTpyMy Tpn$a3Horo K3 y toh^  K3.
CyMapHi onopn rn,ogo tohkh K3 BH3HaHaroTbCH TaK:
R Y  K — R Y  K + R a 2  +  R k6 2 + R a3 + R np  + R k 4 — 11,77 + 7 + 29,25 + 7 + 27,3 + 30 —
= 112,32 mOm.
X Y  K  3 — X Y ^ 2  +  X a3 +  X np  — 37,60 + 4,5 + 1,33 — 43,43 mOm.
Z ^  — ^ R ^ K3 + X ^ K s — V H 2,322 + 43 ,432 —120,42 mOm.
nonaTKOBe giroae 3HaaeHHa nepiognaHoi CKaagoBoi Tpa$a3Horo CTpyMy npa 
MeTaaeBoMy K3 BH3HaaaeTbca 3a ^opMyaoro:
I  _ Uß _ 400 = 1 92 A
K3(0) V3 • Z ^ K3 V3 • 120,42 ’ ‘
Pe3yabTaTH po3paxyHKy CTpyMiB Tpa$a3HHx K3 y noaaTKoBHH MOMeHT aacy 
b eaeKTpaamH Mepe:m ̂ x y  b ToaKax K1, K1', K2, K2' i K3 HaBogaTbca b
Taöaa^ 5.1.
5.2 Po3paxyHOK CTpyMiB ogHO^a3Horo KopoTKoro 3aMHKaHHH
OgHO$a3Hi K3 po3paxoByroTb gaa nepeBipKH HagiÖHocTi BHMHKaHHa aiHii b 
pa3i npoöoro i3oaa^i Ta noaBH Ha Kopnyci ycTaTKyBaHHa noTeH^aay, BeaaaHHa 
aKoro Heöe3nenHa gaa ^Hiaa nepcoHaay. ToMy iHTepec CTaHOBHTt MiHiMaabHo 
MO^nHBa BenHHHHa CTpyMy ogHo$a3Horo K3, aKa öyge HanpHKm^ giaaHKH, mo 
3axHrn,aeTbca, ToMy mo CTpyM Mae öyra gocraTHiM gaa cnpagtoByBaHHa 
3axHCTy (3anoöi^HHKa, po3aenaroBaaa aBToMaTa aöo BHMHKaaa hh 3anoömHHKa b 
aaH^ro3i 6 kB, aKmo 3axncT y aaH^ro3i 0,38 kB HeayTaHBHÖ).
Akttto noTy^rncTb ^HBHabHoi eHeprocacTeMH 3HaaHa (Xc < 0,\Xj), 
nonaTKoBe giroae 3HaaeHHa nepiogaaHoi CKaagoBoi CTpyMy ogHo$a3Horo 
MeTaaeBoro K3 b eaeKTpaamH Mepe^i Hanpyroro go 1 kB BH3Haaa3Mo 3a 
^opMyaoro:
T (1) _ U0 (, , ,
lK _ 7(1) , (5-5)
t  + 7 ̂ + 7 nr
ge U$ -  $a3Ha Hanpyra Mepe^i, B;
Zm -  noBHHH onip neTai "$a3a - Hyab" Big TpaHC^opMaTopa go tohkh K3, 
oÖMiproBaHHH npa icnHTax aöo 3HaögeHHH i3 po3paxyHKiB, mOm;
ZT1 -  noBHHH onip 3HH:®yBaabHoro TpaHc^opMaropa CTpyMaM ogHo$a3Horo 
K3, 3HaaeHHa aKoro 3aae^Ho Big noTy^HOCTi Ta cxeMH 3 'egHaHHa 
TpaHc^opMaropiB npHHMaeTbca 3 Taöan^ H.3 gogaTKa H [1] aöo BH3HaaaeTbca 
aK:
Z T  = ^ j  ( R lT  +  R 2T +  R qT ) + { X u  + X 2T +  X 0T ) 5 (5-6)
ge R1t i X 1T -  aKTHBHHH Ta rngyKTHBHHH onopn TpaHc^opMaropa CTpyMaM 
npaMoi nocaigoBHocTi, mOm;
R2 T = Rit i X 2 T = X it -  Te caMe 3BopoTHoi nocaigoBHocTi, mOm;
R0t i X0T -  Te caMe HyaboBoi nocaigoBHocTi, mOm.
Onopn TpaHc^opMaTopa cTpyMaM HyaboBoi nocaigoBHocTi 3HanHoro Mipow 
3aae^;aTb Big cxeMH 3 'egHaHHa oömotok TpaHc^opMaropa, ToMy peKoMeHgyeTbca 
cxeMa "TpHKyTHHK - 3ipKa 3 HeÖTpaaaw" (A/Yh), y aKoi nopiBHaHo 3i cxeMow 
"3ipKa - 3ipKa 3 HenTpaaaro" (Y/Yh) cTpyM ogHo$a3Horo K3 Ha mHHax HH 
(go 1 kB) y 3 pa3H öiabmnn, rn,o cnpnae HaginHoMy cnpa^oByBaHHro 3axncHnx 
anapaTiB (aBToMaTiB).
^Krn,o ^HBHabHa eHeprocncTeMa Mae oÖMe^eHy noTy^HicTb, to 3HaneHHa 
ZX} 3ÖiabmyeTbca 3 ypaxyBaHHaM onopy eHeprocncTeMH [10].
Z T  = 'J (R 1T  +  R 2T  +  R 0 T  +  2 ■ R C  ) + (X1T + X 2T  +  X 0T  +  2 ' X C  ) 5 (X7)
Onip neTai "$a3a - Hyab" gaa aaH^w^a 3 n nocaigoBHo 3'egHaHHx giaaHoK 
BH3HaaaeTbca 3a ^opMyaow:
n
Z n T  =  ^ z n.nm.i ' l i , (58)
i=1
ge Zn.nm.i -  nnTOMHH onip neTai "$a3a - Hyab" m ^Hoi HacTynHoi giaaHKH Big 
TpaHc^opMaropa go tohkh K3, (BeannnHH Zn,nmi HaBegeHi b Ta6aH^ax H.6 [1]); 
li -  goB^HHa i-i giaaHKH, m.
CBHH^Bi oöoaoHKH KaöeaiB aK 3a3eMawwai npoBigHHKH BHKopncToByBaTH 
He go3BoaaeTbca. ^aa Bn6yxoHe6e3neHHnx npuMimeHb Ha gonoMmm
npoßigHHKH 3aHyneHHa (anroMirneßi oöonoHKn Kaöeniß, craneßi CMyrn) y 
po3paxyHKOßiH cxeMi He 3ßä«:aroTb.
^na öinbm TonHoro Bn3HaneHHa CTpyMiß ogHo^aßHnx K3, KpiM onopiß 
TpaHc^opMaTopa n 3oßHimHboi ^nßnnbHoi Mepe^i, ypaxoßyroTb cyMapHnn 
aKTHBHHH i mgyKTnBHnn onopn neTni "$a3a -Hynb", rn,o MicTaTb onopn 
mnHonpoßogiß, anapaTiB i nepexigHnx onopiB, nonnHaronn Big HenTpani 
3HH^yBanbHoro TpaHC^opMaTopa, a TaKo^ onip gyrn.
3 ypaxyßaHHaM onopy Mepe^i noHag 1 kB (onopiß TpaHC^opMaTopa i 
^HßnnbHoi Mepe^i Xc i Rc), nepexigHnx aKTHBHnx onopiß KoHTaKTiß i onopy gyrn 
âKTHHHe 3HaneHHa CTpyMy ogHo$a3Horo K3 öyge MeHmnM, ToMy b pa3i 
HeoöxigHocri öinbm TonHoro Bn3HaneHHa CTpyMy (HanpnKnag, aKrn,o noro 
BennnnHa önn3bKa go ycTaßoK cnpa^oßyßaHHa 3axucTy) 3a öygb-aKoi 
noTy^HocTi ^nßnnbHoi eHeprocncTeMH KopncTyroTbca ^opMynoro [10].
lK = 7(1) , (5.9)
+ 7 nT
BennnnHa Z^1 3 ypaxyßaHHaM nepexigHnx aKTHBHnx onopiß KoHTaKTiß 
Rk = 15 mOm oönncnroeTbca aK [1].
z(i) — y j ( R i t  + R-2T + R ot + 2 ■ R c  + 3 • R n ) ^  , (5.10
Bn3HannTn CTpyM ogHo$a3Horo K3 y TonKax Ki, K2 i K3. Bn3HanaeMo CTpyM 
ogHo$a3Horo K3 y TonKax K1, K2 i K3 gna cxeMn Ha pncyHKy 5.2.
TpaHC^opMaTop Tnny TM3 -  250/6, cxeMa 3'egHaHHa oömotok 
TpaHC^opMaTopa "TpnKyTHnK - 3ipKa 3 HenTpannro" (A/Yh).
KaöenbHi niHii: K62: ABBr (3x16+1x10); Ik62 = 15 m;
npoßig go E n N  16: AnB5 (1x 16); lnp = 14 m.
3 Taönn^ H3 gogaTKa H [1] gna TpaHC^opMaTopa 3 HoMrnanbHoro 
noTy^HicTW 250 kBA i cxeMoro 3'egHaHHa oömotok TpaHC^opMaTopa
"TpHKyTHHK - 3ipKa 3 HeHTpannro" (A/Yh) noBHHH onip CTpyMy ogHo$a3Horo K3 
Zt(1) = 86,3 mOm. 3a ^opMynoro (5.5) CTpyM ogHo$a3Horo MeTaneBoro K3 b t.Ki :
= S  = 7’65 KA.
3
3 Taön^ i H7 gogaTKa H [1] noBHi nmoMi onopn zn.nm. ^aH^w^a "$a3a -
Hynt" gna HoTHpn̂ HHbHHx KaöemB Ta npoBogiB 3 anroMmieBHMH ^HnaMH TaKi: 
Zn.nm.K62 = 4,43 mOm/m; Zn.nm.np. = 4,43 mOm/m.
noBHHH onip nerai "$a3a - Hynb" go tohkh K2 , 3a ^opMynoro (5.8):
7 nm2 = 7 nm.K61 '1 = 4,43' 15 = 66,45 m0m.
3a ^opMynow (5.5) CTpyM ogHo$a3Horo MeTaneBoro K3 y toh^  K2:
^  =86-322^ -  = 2’31 kA.
— ^- + 66,45 
3
noBHHH onip nerai "$a3a - Hynb" go tohkh K3 BH3HanaeTbCH 3a ^opMynow:
7  = 7  +  7^nm .3 ^ nm .K 6.2~  ^nm .np ’
7  nm.3 = 66,45 + 4,43 -14 = 128,47 mOm.
3a ^opMynoro (5.5) CTpyM ogHo$a3Horo MeTaneBoro K3 y toh^  K3:
(1) = 220 =  54
1K = Q£ o = 1,54kA.
^  +128,47 
3
Pe3yntTaTH po3paxyHKy CTpyMiB ogHo$a3Horo K3 b eneKTpHHHifi Mepe^i 
Hanpyrow go 1 kB y ToHKax K i , K2 i K3 HaBoggTbca b Taönn^ 5.1.
a 6
PncyHOK 5.2 -  Po3paxyHKOBa cxeMa (a) i cxeMa 3aMirn,eHHa (6) gna 
po3paxyHKy CTpyMiB ogHO$a3Horo KopoTKoro 3aMHKaHHa
Taönn^ 5.1 -  Pe3ynbTaTH po3paxyHKy CTpyMiB K3 y pi3HHx TOHKax 
eneKTpHHHOi Mepe^i ^ x y
Ha3Ba En
CrpyM Tpn$a3Horo K3, kA CrpyM ogHO$a3Horo 
K3, kA



















6 BHEIP I ..II KTIMIM im \  A nAPATIB
6.1 BHÖip aBTOMaTHHHHX BHMHKaniB
Bnöip i nepeBipKa Bcix EA Hanpyroro go i noHag 1 kB MaroTt BignoBigara
TaKHM yMOBaM:
1) m^ hocT  i3oaa^i gaa poöora b TpHBaaoMy pe^HMi Ta npa 
KopoTKonacHHx nepeHanpyrax:
UHOM.e.a. — UHOM.M. , (61)
ge UnoM.e.a i Uhom.m -  HOMiHantHa Hanpyra EA i HoMiHaatHa Hanpyra eaeKTpaaHoi 
Mepe^i (yCTaHoBKH) BignoBigHO, y aKifi 3acTOCOByeTtca EA;
2) gonycTHMoro HarpiBaHHa CTpyMaMH b TpHBaaoMy pe^HMi:
1HOM.e.a. — !$., (62)
ge IHOM.e.a i 1$ -  HoMrnaatHHH CTpyM EA i CTpyM ^opcoBaHoro pe^HMy 
BignoBigHo, toöto TpHBaanfi MaKCHMaatHHH poöoaHH CTpyM, aKHH Mo^e aepe3 
Htoro npoTiKaTH;
3) BignoBigHocTi HaBKoanmHtoMy cepegoBHrny (HopMaatHe, no^e^o - 
Heöe3nenHe, BH6yxoHe6e3neaHe Ta iH.), pogy ycTaHoBKH (BHyTpimHa, 3oBHimHa)
i KoHCTpyKTHBHoMy BHKoHaHHW (BHcyBHa, CTa^oHapHa) Ta iH.;
4) napaMeTpaM ocHoBHoi ^yH^ioHaatHoi xapaKTepHCTHKH: KoMyTa^HHi EA 
-  CTpyM BHMHKaHHa (BMHKaHHa) npn K3 (KoMyTa^HHa 3gaTHicTt), EA 3axHCTy -  
HoMrnaatHHH CTpyM naaBKoi BCTaBKH 3ano6rn:HHKa hh ycTaBKH po3aenaroBaaa 
aBToMaTa.
nepeBipKy BHÖpaHHx EA npoBogaTt 3a ix CTifiKicTW Ta npa^3gaTHiCTro npn 
HacKpi3HHx CTpyMax K3. MawTt BHKoHyBaTHca TaKi yMoBU
5) CTpyM eaeKTpogHHaMinHoi CTifiKocTi EA^:
ge iy  -  po3paxyHKOBHH ygapHHH CTpyM;
6) gonycTHMHH CTpyM TepMiHHOi CTrnKOcri anapaTa It 3a gonycthmhh HaC
TepMiHHOi CTfflKOCTi tf.
IT ' ltT — IK ' t 5 (64)
ge Ik i t -  po3paxyHKOBi napaMeTpn CTpyMy K3 i gificHoro Hacy BHMHKaHHH K3 
BignoBigHO.
TaKHM hhhom, HOMrnanbHa Hanpyra ^HX aBTOMaTiB BHÖnpaeTbCH hk:
U HOM.d — U HOM.M , (65)
HOMiHanbHHH CTpyM aBTOMaTiB i HOMmantm CTpyMH pO3HennwBaniB He 
nOBHHHi öyTH MeHmHMH 3a CTpyM ^OpcOBaHOro pe^HMy:
I HOM.a — I 4> 5 (6 6)
I HOM.p — 5 (6-7)
y  ^OpMynax (6.6) i (6.7) öepyTbca Hafiönn^Hi 3HaneHHa HOMrnanbHHx 
CTpyMiB aBTOMaTiB i pO3HennwBaniB. ABTOMara 3BHHaÖHO MawTb KinbKa 
HOMiHanbHHx CTpyMiB pO3HennwBana. Haöömbme 3HaneHHa HOMrnanbHOro 
CTpyMy pO3HennwBana gOpiBHwe HOMrnanbHOMy CTpyMy aBTOMaTa, TOMy 
I  — IHOM.a — p  •
CTpyM ^OpCOBaHOro pe^HMy BH3HanaeTbCa 3a ^OpMynOw:
= Kpes • Ip 5 (6 8)
ge Kpe3 -  KOe^i^eHT pe3epByBaHHa;
Ip  -  pO3paxyHKOBHH CTpyM (öepeTbCa 3ane^HO Big MiC^ 3HaxOg ;̂eHHa EA b 
CxeMi eneKTpOnOCTanaHHfl).
yCTaBKa CTpyMy c^pa^WBaHHa Big nepeBaHTa^eHHH Ic.n (yCTaBKa CTpyMy 
TennOBOrO pO3HennwBana Iy.m.p) BHÖnpaeTbCH 3a yMOBH:
I c.n. =  1 y.m.p. >  K  ' I p  , (69)
ge K  -  Koe^^ieHT, aKHH npHHMaeTbCa 1,1 gaa aBTOMaTa BBogy QF1 i gaa 
aBTOMaTa QF2, 1,25 -  gaa aBTOMaTa QF3 aÖO 1,0 Ha aiHiax go chhobhx E n , aKi 
He MawTt y CBoeMy CKaagi EA.
y  ^OpMyai (6.9) gaa aBTOMaTa BBogy QF1 aK pO3paxyHKOBHH CTpyM 
npHHMaeTbca CTpyM ^opcoBaHoro pe^HMy TpaHC^opMaTopa I$; gaa aBTOMaTa 
QF2 -  pO3paxyHKOBHH CTpyM gpyrOrO piBHa eaeKTpOnOCTaaaHHa Ip 2 ; gaa 
aBTOMaTa QF3 -  pO3paxyHKOBHH CTpyM nepmOrO piBHa eaeKTpOnOCTaaaHHa 
OgHOrO E n  Ip 1  (HOMrnaabHHH CTpyM E n  IH0M. E n  npn k3 = 1).
y  aiHiax 3 aaMnaMH AP-H (API) 3a yMOB KpaTHOCTi nyCKOBOrO CTpyMy 
2,25 - 3 Ta MOrO TpHBaaOCTi 60 - 90 c yCTaBKa CTpyMy Cnpa^OByBaHHa Big 
nepeBaHTa^eHHa (yCTaBKa CTpyMy TenaOBOrO pO3aenawBaaa) BHÖnpaeTbca TaK:
I c.n. =  I y.m .p. > 1,3 ’I p .o. , (6.10)
ge Ip .0. -  pO3paxyHKOBHH CTpyM aiHii OCBiTaeHHa, A.
Aaa aBTOMaTa BBOgy QF1 cnpa^OByBaHHa BigciaKH pO3aenawBaa MHTTeBOi 
gii Ic.e BH3HaaaeTbca 3a ^OpMyaOw:
! , >  (6 - 10) ■ I o m t , (6.11)
ge I hom.t. -  HOMiHaabHHH CTpyM TpaHC^OpMaTOpa Ha CTOpOHi HH.
y  ^OpMyai (6.11) öiabmi KpaTHOCTi npHHMawTbca gaa TpaHC^OpMaTOpiB 3 
MaaOW HOMiHaabHOW nOTy^HiCTW ( S hom.T < 400 kBA), aKi MawTb öiabmi OnOpn 
Ta BignOBigHO MeHmi CTpyMH K3.
yMOBa nepeBipKH Big niKOBHx CTpyMiB gaa rpynn E n  (aBTOMaT QF2) i Big 
nycKOBHx CTpyMiB gaa OgHOrO E n  (aBTOMaT QF3) nOaarae y BHÖOpi ycTaBKH 
CTpyMy Cnpa^OByBaHHa BigtiaKH pO3aenawBaaa MHTTeBOi gii Ic,B (yCTaBKH 
CTpyMy eaeKTpOMarHiTHOrO pO3aenawBaaa Iy , e.p ) öiabme ^Hx CTpyMiB BignOBigHO 
He MeHm Hm: Ha 25 %, TOMy rn,O nOXHÖKa Big pO3KHgy xapaKTepHCTHK MO^e 
gOCaraTH gO 15 %.
h , =  l y e p  — 1 *>25 • I * , (6.12)
I c .e .=  I y .e .p  — 1,25 • I nycK , (613)
ge IniK i InycK -  niKOBHH CTpyM rpynn En 3a ^opMynaMH (2.46), (2.47) BignoBigHO 
(garn nycKOBHx i niKOBHx CTpyMiB öepyTbCa 3 pe3ynbTaTiB po3paxyHKiB po3giny 
2, nyHKT 2.6.
y  nimax 3 KKY CTpyM Cnpa^oByBaHHa BigtinKH (eneKTpoMaraiTHoro 
po3nennwBana) BHÖnpaeTbCa 3a ^opMynoro:
^c.e . =  l y .e .p  — 1,3 • ^hom.K K Y , (6.14)
ge Ihomkkv -  HoMmanbHHH CTpyM KKY, aKHH oÖHHcnweTbca 3a ^opMynoro (4.3).
^ k KoMyTagiHHHH anapaT aBTOMara nepeBiparoTb rn,ogo 3gaTHocTi 
BHMHKaHHa 3a yMoBH:
I  — I  =  I (3), (6.15)
H O M . ß . a .  —  n . O  K  ’
ge IHOM.e.a. -  HoMiHanbHHH CTpyM BHMHKaHHa aBTOMaTa npH HopMoBaHHX yMoBax 
poöora;
Ihm. = IJ'3 -  nonaraoBe girone 3HaneHHa nepiogHHHoi CKaagoBoi CTpyMy 
Tpn^a3Horo K3, go Toro ^  gna aBToMaTiB BBogy h CewÖHHx aBToMaTiB ^ h 
CTpyM BH3HanawTb gna MeTaneBoro K3 6e3 nepexigHHx onopiB, a gna iHinux 
(aBToMaTiB QF2 i QF3) -  3  ypaxyBaHHaM onopy KoHTaKTiB RK.
BignoBigHo go nyHKTy 4 (^yH^ioHanbHe nproHaneHHa) gna nyTHHBoCTi 
3axHCTy (HagiÖHoro Horo c^pa^WBaHHa) MirnManbHHH CTpyM K3 (3BHHaÖHo ^  
CTpyM ogHo$a3Horo K3 y Haööinbm Bigganernö T o^i nimi, aKa 3axnm,aeTbCa) 
Mae nepeBH^yBaTH yCTaBKH po3nennwBaniB 3ane^Ho Big ix THniB y TaKHx 
CniBBigHomeHHax.
^na po3nennwBana MHireBoi gii (eneKTpoMararraoro aöo HaniBnpoBig - 
HHKoBoro) 3  HoMiHanbHHM CTpyMoM örnbme 100 A:
1 —1,25 • Ic, , (6.16)
npn CTpyMi go 100 A bkhwhho:
4 °  —1,4 ■ Ic.„, (6.17)
^aa po3HenaroBaaa ynoBiabHeHoi gii:
4 "  — 3 ■ 1CJ1, (6.18)
BnöipKOBicTb gii nocaigoBHo BCTaHoBaeHHx aBTOMaTiB 3a6e3neayeTbca 3a 
yMOBH, rn,o ix 3axHCHi xapaKTepHCTHKH Ha KapTi ceaeKTHBHocri He noBHHHi 
nepeTHHaTHca, go Toro ^  ycTaBKH CTpyMy po3HenaroBaaiB ynoBiabHeHoi h 
MHTTGBoi gii b aBToMaTa, po3TamoBaHoro öan^ae go En, MawTb öyra b 1,5 pa3H 
MeHmi, Hm: y öiabm BiggaaeHoro aBToMaTa [1].
6.1.1 Bußip aBTOMaTiB miBHabHOi Mepe^i ^ x y
Bnöip aBToMaTa BBogy QF1 gaa SH0M.T = 250 kBA, BHÖnpaeMo aBToMaT 
BA-2004/400: CTpyMooÖMe^yBaabHHÖ 3 TenaoBHM i eaeKTpoMaraiTHHM 
po3nennwBanaMH.
3a ^opMyaoro (6.5) HoMiHaabHa Hanpyra aBToMaTa oönpaeTbca aK:
660 — 380 B.
3a ^opMyaoro (4.15) BH3HaaHMo HoMmaabHHÖ btophhhhh CTpyM 
TpaHc^opMaTopa:
250
7hom. t = 379,836 A'
^aa ogHo TpaHC^opMaTopHoi nC  6e3 pe3epByBaHHa Ha CTopoHi HH i 3a 
BigcyTHocTi gaHHx npo CHCTeMaTHHHe nepeBaHTa^eHHa Koe^^ieHT
pe3epByBaHHa npHÖMaeTbca Kpe3 = 1,0, ToMy CTpyM nepeBaHTa^eHHa
TpaHC^opMaTopa 3a ^opMyaoro (6.8) gopiBHwe:
Inep  =  1,0 • 379,836 = 379,836 A.
Togi 3a ^opMyaoro (6.6) HoMmaatHHH CTpyM aBTOMaTa BA-2004/400:
h oM .a = 400 > I nep = 379,836A.
^aa aBTOMaTy B A -2004/400 HoMmaatm CTpyMH TenaoBoro po3HenaroBaaa 
I H0M T p  HacTynHi: 250, 300, 350, 400 A. Togi 3a ^opMyaoro (6.7) HoMmaatHHH
CTpyM TenaoBoro po3HenamBaaa:
I noM. T.p = 400 > I n e p  =  379,836 A.
^aa aBToMaTy B A -2004/400 KpaTHiCTb CTpyMy c^pa^roBaHHa (ycTaBKH) 
TenaoBoro po3HenamBaaa I y T p  go HoMmaatHoro CTpyMy TenaoBoro
po3HenamBaaa I H0M.T .p  ( I y  T p  / I H0M.T.p ) CTaHoBHTt 1,25. TaKHM hhhom, ycTaBKa 
CTpyMy TenaoBoro po3HenamBaHa:
/ y .T.  p = 1,25 • lH o M,m ,p . =  1,25 • 400 = 500 A.
3a ^opMyaom (6.9):
/ y . T . p  = 500 A  >  1,1 • 379,836 = 417,820 A.
^aa aBToMaTy BA -2004/400 y pa3i HaaBHocTi TenaoBoro po3nenawBana 
BigHomeHHa CTpyMy c^pa^roBaHHa BigcinKH IC.B. (eaeKTpoMarHiTHoro
po3aenawBaaa I y  e  p  ) go HoMmaatHoro CTpyMy TenaoBoro po3aenawBaaa
IH0M.T.p . ( Iy .T.p . / IH0M.t.p . ) CTaHoBHTt 8. TaKHM hhhom, CTpyM c^pa^WBaHHa BigdnKH 
(eaeKTpoMarHiTHoro po3ainawBaaa:
I c .e . = I y . e . p  =  8 ' I hom. m . p . = 8 '400 = 3200 A .
3a ^opMyaom (6.12):
l Cß = 3200 A > 8 • 379,836 = 3038,688 A.
npn nepeBip^ BHMHKaHHa CTpyMy TpH$a3Horo K3 aBTOMaTOM BBogy 
öepeMO CTpyM TpH$a3Horo K3 b toh^  K1 (6e3 ypaxyBaHHa RK ) 3 Taöa.5.1 
l Ki(0) = 7,21 kA. ^aa aBTOMariB BA-2004/400 BHMHKaroaa rpaHHHHa
KOMyTagiÖHa 3garaiCTb (BrK3) npn l HOMa = 400 A CTaHOBHTb l HOMea = 50 kA. 3a 
^opMyaoro (6.16):
50 k A  >  7,21  k A .
^aa nepeBipKH ayTaHBOCTi 3axHCTy 3 Taöa.5.1 CTpyM ogHO$a3Horo K3 Ha 
muHax HH Tn l (1) = 7,65 kA. 3a ^opMyaoro (6.17) gaa eaeKTpoMarmTHoro 
po3nenawBana 3 HOMiHaabHHM CTpyMOM öiabme 100A:
9lJ(1) = 7,65 > 1,25 • 3,03 = 3,79 kA.
OcTaTOHHO oönpaeMO BHMHKaaa aBTOMaraaHHÖ BA-2004/400 3 TaKHMH
napaMeTPaMu: U m M.a =  660 B, l HOM.a =  400 A  l HGM . m . p. =  400 A> l y.m.p. =  500 A
l ye p = 3200 A, l H0M e.a = 50 kA. ^am ^ o ro  aBTOMaTy HaBogaTbca b Taöan^ 6.1. 
T aöan^ 6.1 -  KaraHO^m Ta pO3paxyHKOBi gaHi aBTOMara QF1 THny
BA-2004/400
YMOBa BHÖopy KaTaao^m gaHi Po3paxyHKOBi gaHi
3a HOMiHaabHOW Hanpyrow
U > UHOM.a HOM.M
U = 660 B
HOM.a
U = 380 B
HOM.a
3a HOMiHaabHHM CTpyMOM
aBTOMaTa IHOM.a > l nep l  = 400 AHOM.a
l  = K • I =
= 1,1 • 379,836 = 379,836A
3a HOMiHaabHHM CTpyMOM 
pO3aenawBaaa T̂ .p > h ep l  = 400 AHOM.m. p.
l  = K • I =
= 1,1 • 379,836 = 379,836A
3a HOMiHaabHHMH CTpyMOM 
aBTOMaTa Ta öoro 
pO3HenawBaaiB
l  > lHOM.a HOM.p
l  = 400 A
HOM.a
l  = 400 AHOM. p
3a CTpyMOM ycTaBKH TennoBoro 
pO3nennwBana
1c.n 1  y.t. p > 1,1 1  nep
Iw = 1,25 • 400 = 500 A 1,11 nep =  1,1379,836 = 
= 417,820 A
3a yMOBH BigöygOBH Big
niKOBHX CTpyMiB
I  >  (6  - 10) • I  T
^y.e.p 8 ĤOM.m.p.
= 8•400=3200A
I  =  8 • I  T =c.e. hom .T
=  8 • 379,836 = 3038,688 A
3a HOMiHanbHHM CTpyMOM
BHMHKaHHfl aBTOMaTa 
I  =  I  =  I (3)HüM.e.a n. ( 0 )  k
I HüM .e.a =  50 KA IK1(0) = 7, 21 k A
3a yMOBOW HyraHBOCTi
I (1) > 1,25 • I
k ’ c.e
I ((1) =  7 ,6 5  kA 1,25 • Ic.b = 1,25 • 3,03 = 
= 3,79 kA
AHanorinHO npoBogHMO po3paxyHOK gna BHÖopy mmÖHHx aBTOMaTiB i 
aBTOMaTiB go En. Pe3ynbTaTH 3anncyeMO go Ta6n.6.2 Ta 6.3 BignoBigHO.
Taönn^ 6.2 -  Pe3ynbTaTH BHÖopy mmÖHHx aBTOMaTiB QF2 -  QF4
^HBHHbHa Tnn UHOM-y J-HÖM-ay J-HÖM.m.p-y J-y.m.p., ly.cp 1HüM.e.a,
gmm aBTOMaTa B A A A A kA
Ao CPm2 BA-2004/60 660 60 40 50 400 18
Ao c p m i BA-2004/60 660 60 40 50 400 18
Ao ^ P O BA-2004/30 660 30 10 12,5 100 18
Taönn^ 6.3 -  Pe3yntTaTH BHÖopy aBTOMaTiB gO En
^HBHHbHa Tnn UHOM-y IHOM-ay IHOM.m.p-y ly.m.p., !y.e.p, A i-HOM.e.a,
gmm aBTOMaTa B A A A kA
1 BA-2006 380 16 12,5 15,62 125 -
2 BA-2006 380 16 5 6,25 50 -
3 BA-2004 380 40 40 50 400 -
4 BA-2006 380 16 12,5 15,62 125 -
5 BA-2004 380 40 40 50 400 -
6 BA-2004 380 40 25 31,25 250 -
7 BA-2006 380 16 5 6,25 50 -
8 BA-2006 380 16 12,5 15,62 125 -
9 BA-2006 380 16 5 6,25 50 -
10 BA-2006 380 16 12,5 15,62 125 -
11 BA-2004 380 40 40 50 400 -
12 BA-2006 380 16 5 6,25 50 -
13 BA-2006 380 16 12,5 15,62 125 -
14 BA-2004 380 40 25 31,25 250 -
15 BA-2006 380 16 5 6,25 50 -
16 BA-2004 380 40 40 50 400 -
17 BA-2006 380 16 5 6,25 50 -
6.2 Y3rog^eHHH BHÖpaHoro nepepi3y npoßigHUKiB eaeKTpHHHoi' Mepe^i 3
BHÖpaHHiviH anapaTaviH 3axHCTy
nepepi3 npoBogiB Ta KaöeaiB, aKi 6yaO OÖpam 3a yMOBaMH HarpiBaHHa Ta 
gonycTHMHM TpHBaaHM CTpyMOM 3 ypaxyBaHHaM yMOB npOKaagKH Ta BigxnaeHHa 
napaMeTpiB HaBKOanmHbOro cepegOBHrn,a Big CTaHgapTHHx yMOB nepeBipaeMO 3a 
yMOBOW y3rog^;eHHa BignoBigHOCTi OÖpaHHM anapaTaM 3axncTy 3a ^opMynow:
i'don >  K sax  ■ I 3ax, (619)
ge K3ax -  HopMOBaHa nYE KparaicTb gonycTHMoro CTpyMOBoro HaBaHTmeHHa 
Ha npoBigHHKH ^ogo napaMeTpiB 3axncHHx anapaTiB;
I3ax -  CTpyM anapaTy 3axHCTy.
3rigHO 3 nYE [2] gaa eaeKTpnaHHx Mepe®; aKi oöoB’a3KOBO noBHHHi Mara 
3axHCT Big nepeBaHTa^eHHa, yMOBa y3rog«:eHHa gaa aBTOMaTiB 3 TenaoBHM 
po3aenawBaaeM 3 HeperyatOBaHOW OÖepHeHO 3aae^HOW Big CTpyMy 
xapaKTepncTHKOW gaa npOBigHHKiB ycix MapOK HacTynHa:
l' > I  (6.20)d o n  — h o m . m . p? v 2
ge IH0M mp -  HOMmanbHHH CTpyM HeperyaboBaHoro TenaoBoro po3HenaroBaaa.
npoBogHMO y3rog^eHHa oöpaHoro nepepi3y KaöeaiB ^HBHabHoi Mepe^i 
BHpoÖHHnoro ^ x y  N°1 gaa ^P O , CPm1, CPm2, a TaKo®: nepepi3y npoBogiB 
po3nogiabHoi Mepe^i go eaeKTponpHHMaaiB BignoBigHo go oöpaHHx aBToMaTiB 
gaa cxeMH eaeKTponocranaHHa.
y  cxeMi eneKTponocTanaHHa ^ x y  3axncT ^HBHabHoi Ta po3nogiabHoi 
Mepe^i 3giöcHroeTbca aBToMaTaMH 3  TenaoBHMH Ta eaeKTpoMarmTHHMH 
po3HenawBanaMH.
1) 3a gaHHMH nyHKTy 4.2.1 go CPm1 oöpaHHH gaa npoKaageHHa Kaöeab 
ABBr (3x16+1x10) 3  l'don = 57,96 A. Aaa 3axncTy gaHoro Kaöearo oöpaHHH 
aBToMaT BA-2004/60 3  HoMmaabHHM CTpyMoM TenaoBoro po3aenawBaaa
I homm .p  = 40 A  . 3a $ oPMyao^  (6.25):
57,96 A> 40 A.
yMoBa BHKoHyeTbca. OT«:e ocraTOHHo oönpaeMo Kaöeab
ABBr (3x16+1x10). AHaaoriaHo y3rog^ywTbca nepepi3H oöpaHHx KaöeaiB 
^HBHabHoi Mepe^i 3  iHmHMH aBToMaTaMH. Pe3yabTaTH y3rog«:eHb HaBegeHi b 
raöan^ 6.4.
T aöan^ 6.4 -  Pe3yabTaTH y3rog^;eHHa nepepi3y KaöeaiB ^HBHabHoi Mepe^i 







1d o n ,
A





1 d o n ,
A
Ao CPm1 16 57,96 40 ABBr 3x16+1x10 57,96
Ao CPm2 16 57,96 40 ABBr 3x16+1x10 57,96
Ao ^ P O 6 18,35 10 ABBr 3x2,5+1x2,5 18,35
2) Aaa po3nogiabHoi Mepe^i aHaaoriaHo y3rog^ywTbca nepepi3H oöpaHHx 
npoBogiB.
3a gaHHMH nyHKTy 4.3 go En N1 oöpaHnn gaa npoKaageHHa npoBig 
AnB(1x4)T20 3  Idon = 21,85A . A-̂ a 3axncTy gaHoro npoBogy oöpaHnn aBTOMaT 
BA-2006 3  HOMmantHHM CTpyMOM TenaoBoro po3nenaroBana IHOMm = 16 A . 3a 
^opMyaoro (6.25):
21,85 A> 16 A .
YMoBa BHKoHyeTtca. AHaaorinHo y3rog^yroTbca nepepi3n oöpaHnx 
npoBogiB po3nogiabHoi Mepem 3  mmnMH aBTOMaTaMH. Pe3yabTaTH y3rog^;eHb 
HaBegem b Taöan^ 6.5.
Taöanna 6.5 -  Pe3yabTaTH y3rog^;eHHa nepepi3y KaöeaiB po3nogiabHoi









1 d o n ,
A
Ao En N1 4 21,85 16 AnB(1x4 )T20 21,85
Ao En N2 4 21,85 5 AnB(1x4) T20 21,85
Ao En N3 16 52,25 40 AnB(1x16) T32 52,25
Ao En N4 4 21,85 16 AnB(1x4) T20 21,85
Ao En N5 10 52,25 40 AnB(1x10) T32 52,25
Ao En N6 4 21,85 25 AnB(1x4) T20 21,85
Ao En N7 4 21,85 5 AnB(1x4) T20 21,85
Ao En N8 4 21,85 16 AnB(1x4) T20 21,85
Ao En N9 4 21,85 5 AnB(1x4) T20 21,85
Ao En N 1 0 4 21,85 16 AnB(1x4) T20 21,85
Ao En N i l 16 52,25 40 AnB(1x16) T32 52,25
Ao En N12 4 21,85 5 AnB(1x4) T20 21,85
Ao En N13 4 21,85 16 AnB(1x4) T20 21,85
Ao En N14 4 21,85 25 AnB(1x4) T20 21,85
Ao En N15 4 21,85 5 AnB(1x4) T20 21,85
Ao En N16 16 52,25 40 AnB(1x16) T32 52,25
Ao En N17 4 21,85 5 AnB(1x4) T20 21,85
AHaai3 pe3yabTaTiB noKa3ye, rn,o nepepi3n Bcix npoBogiB po3nogiabHoi 
Mepe^i 3agoBoabHaroTb BHMoraM y3rog«:eHHa 3  anapaTaMH 3axncTy.
7 P03PA X Y H 0K  YVU.M. M I l i m  ^ X O B O I  TPAHCOOPM ATOPHOI
n i^ C T A H ^ I
npn po3paxyHKy n3 BH3HanawTb THn 3a3eMHWBaniB, ix KinbKicTb Ta Mi^e 
po3Mirn,eHH«, a TaKo: nepepi3 3a3eMnwwHHx npoBigHUKiB. Po3paxyHOK n3 «BH«e 
coöow BH3HaneHHa onopy po3TiKaHH« CTpyMy mTyHHHx 3a3eMHWBaHiB, «khh He 
nepeBH^HTt HopMOBaHoro 3HaneHH« R3.HOM 3ane:HTb Big npoBigHOCTi rpyHTy, 
KoHCTpy^ii 3a3eMnwBana Ta ranÖHHH Moro 3aKnagaHH«. npoBigHiCTb rpyHTy 
xapaKTeproyeTbCA nHToMHM onopoM p  (üm -cm aöo Omm), «khh 3ane:HTb Big 
CKnagy rpyHTy, Moro BonorocTi, TeMnepaTypn Ta mmnx noKa3HHKiB i Mo:e 
3MiHWBaTHC« b mnpoKoMy giana3oHi.
nHToMHH onip rpyHTy -  ^  onip Mm: npoTHne:HHMH CTopoHaMH KyÖHKa 
rpyHTy 3  peöpoM 1 cm. aöo 1 m. nYE peKoMeHgye BH3HanaTH nHToMHH onip 
rpyHTy mn«xoM öe3nocepegHix BHMipiB b ToMy Mi^i, ge öygyTb po3Mirn,yBaTHC« 
3a3eMHWBani. npn ^oMy cnig BpaxoByBaTH ce3oHHi KonHBaHH« nHToMoro onopy 
rpyHTy. HaBecHi Ta BoceHH nHToMHH onip rpyHTy hh: hhh, H i: y3HMKy Ta BniTKy. 
3öinbmeHH« nHToMoro onopy rpyHTy B3HMKy Ta BniTKy BpaxoByeTbc« 3a 
gonoMorow Koe^i^eHTa nigBH^eHH« onopy, «khh Mae Tpn 3HaneHH« [9].
y  pa3i BigcyTHocTi gaHHx BHMipy gn« po3paxyHKiB KopHCTywTbc« 
3HaneHH«MH nHToMHx onopiB rpyHTiB, «Ki peKoMeHgywTbc«. npnönrom 
3HaneHH« nHToMHx onopiB rpyHTiB p  HaBog«Tbc« b goBigKoBiM Ta TexHiHHifi 
HiTepaTypi, y Taönn^ 1.13.3 [9].
3a $opMow po3TamyBaHH« 3a3eMHWBaHiB po3pi3H«WTb 3ocepeg:eHi h 
KoHTypHi 3a3eMneHH«. npn KoHTypHoMy 3a3eMneHHi 3a3eMHWBani
po3TamoBywTbc« 3a nepHMeTpoM TepHTopii, «Ka 3axnm,aeTbc«, a iHogi TaKo: i 
BcepegHHi Hei. Cnociö po3Mirn,eHH« 3a3eMnwBaniB (y p«g aöo 3a KoHTypoM) 
BH3HanaeTbc« 3a nnaHoM ycTaHoBKH.
Po3paxyeMo n3 ogHoTpaHC^opMaTopHoi Tn -  250 kBA Hanpyrow 6/0,4 kB. 
^ h« po3paxyHKy BHKopHCTOBywTbc« BHxigHi gaHi Taön. 7.1:
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d = 12 
lB = 5 M.
CMyra
40x4
HaöörnbmHH po3paxyHKoBHH CTpyM 3aMHKaHHA Ha 3eMnro nepe3 n3 
Ha CTopoHi 6 kB I3 = 12,5 A.[9]. 3 ypaxyBaHH^M BHxigHHx gaHHx
npHHMaeTbca U3 = 125 B, i öoro BenHHHHa Mae öyra  He ömbmoro Hi® 10 Om., 
Taönn^ 1.13.1 [9].
HaMinaeTbca n3 gaa ^xoBoi Tn i3 30BHimHboro öoKy 3 po3TamyBaHH^M 
BepTHKanbHHx 3a3eMnwBaniB 3a KornypoM 3 BigcTaHHm Mi®; hhmh a = 5 m. 
MaTepiaa BepTHKanbHHx 3a3eMnwBaniB -  Kpyraa CTaab (eneKTpog) giaMeTpoM 
d = 12 mm i goB®HHoro lB = 5 m. MeTog 3aHypeHHa BepTHKanbHHx 3a3eMnwBaniB -  
BKpynyBaHHa. BepxHi Krn^ BepTHKanbHHx 3a3eMnwBaniB 3aHypeHi Ha ranÖHHy 
t; = 0,7 m i npHBapem go ropH3OHTanbHoro 3a3eMnwBana i3 CTaaeBoi CMyra 
mupuHom b = 40 mm i bhcotom h = 4 mm.
BH3HanaeMO po3paxyHKOBHH onip ogHoro BepTHKanbHoro eneKTpoga:
rB = 0,3 -P- Kce.3.B , (7.1.)
ge p - nHTOMHH onip rpyHTy, Om m ;
Kce3,e. -  Koe^^ieHTH BepTHKanbHoi npoKaagKH KB i roproomaabHoi 
npoKnagKH Kr  npHHMawTbca 3 Taön^i 1.13.2 [9] (gna 3-ro KmMaTHHHoro paöoHy 
Kb = 1,3, Kr  = 2,5).
Po3paxyeMo BHKopncToBywHH ^opMyny (7.1):
rB = 0,3 -100 -1,5 = 45 Om.
BH3HanaeM0 onip, TaK äk b EY Hanpyroro 6 kB, ÄKrn,o n 3  ogHonacHo 
BHKopHCTOByeTtca i gnÄ EY 3 Hanpyroro go 1 kB, onip n 3  BH3HanaeTbCÄ 3 a 
^opMynoro:
R  <  U , (7.2)
1 3
125R3y1 < ------= 10Om.
3 y1 1 2 ,5
npH BHKOHaHHi n 3  ogHonacHo gna 3a3eMneHHÄ EO go i noHag 1 kB 
npHHMaeTbCÄ onip n 3  Tiei ycTaHoBKH, ge BiH e MirnManbHHM. 3i CTopoHH Hanpyrn 
0,38/0,22 kB. R3.y2 < 4 Om. OcraTOHHo npHHMaeTbCÄ R3.H0PM = 4 Om.
BH3HanaeMo KinbKiCTb BepTHKanbHHx eneKTpogiB:
-  Ee3 ypaxyBaHHÄM eKpaHyBaHHÄ:
' r
Ne . p =1r~ , (7.3)
R3y
45
N e p = —  = 4,5.e.p. 1 0
npHHMaeMo HanönH^na örnbma ^ n a  KinbKiCTb BepTHKanbHHx 3 a3 eMnwBaniB 
N  = 5 mT.e. p.
-  3 ypaxyBaHHÄM eKpaHyBaHHÄ:
N '
N e.p. = , (7.4)
P 1
ge l e -  Koe^i^ eHT BHKopHCTaHHÄ BepTHKanbHHx 3a3eMHWBaniB 3 ypaxyBaHHÄM
eKpaHyBaHHÄ.
n p n  nonepegHbo BHÖpamö KinbKocTi eneKTpogiB y KoHTypi n = 5 mT. Ta 
BigHomeHHi a/lB = 1, 3 Taönn^  1.13.5 [9] 1  = 0,69.
N ep  = - ^ -  =  7,25 
8 p. 0,69
npHHMaeMO HaöönH®Ha öinbma ^n a  KmbKiCTb BepTHKanbHHx 3a3eMnroBaniB 
N . p. = 10 mT.
Po3Mirn,yeMO 3n Ha nnam (pnc.7.1), yTOHHroroeMO BigcraHb, Ta no3HanaeMO 
Ha nnaHi. TaK ak KOHTypHe 3n  3aKnagaeTbca Ha BigcTam He MeHm 3a 1 m. to 
goB®HHa no nepHMeTpy 3aKnagKH öyge gopiBHMBaTH:
Ln = (A +  2 )  • 2  + ( B +  2 )  • 2 , (7.5)
ge A, B -  goB®HHa Ta mupuHa, m.
Ln = (A +  2 )  • 2  + (B +  2 )  • 2  = (3 + 2 ) • 2  + (4  + 2 ) • 2  = 2 2  m.
Togi yTOHHAGMO BigcraHb Mm eneKTpogaMH 3 ypaxyBaHH^M $opMH oöeKTy. 
no KyTKaM BCTaHOBnweMO no ogHOMy BepTHKanbHOMy eneKTpogy, a pemTy 
BCTaHOBHMO Mi® HHMH (pHC. 7.1).
piBHOMipHoro po3noginy eneKTpogiB ocraTOHHO npHHMaeMO 
N b  p  =  10 mT., Togi:
BigcTaHt Mi® eneKTpogaMH no mupuHi oö’eKTy:
a = - N , (7 .6 )
ne - 1
ge B' -  mnpHHa oö’eKTy 3  ypaxyBaHHaM no ogHOMy MeTpy Ha KO®Hy CTopoHy; 
ne -  KintKiCTb eneKTpogiB no mupuHi oö’eKTy.
4 + 2 0a  =------= 2  m.
B 4  - 1
BigcTaHt Mi® eneKTpogaMH no goB®HHi oö’eKTy:
1
a = - N , (7.7)
na -  1
ge A' -  goB®HHa oö’eKTy 3  ypaxyBaHHaM no ogHOMy MeTpy Ha KO®Hy CTopoHy.
PncyHOK 7.1 -  n^aH po3TamyBaHHa 3a3eMnroBanbHoro npncTporo Tn 
yTOHHeHHa npHHMacMO cepegHe 3HaneHHa BigHomeHHa:
( f \ - P = 1  • ( ) ,  (7.7)
( f  %P = 1  • ( ^ ) = U
L B 2 3
3a gonoMorow Taönn^ 1.13.5 [9] yTOHHeMO Koe^^ieHT BHKopncTaHHa:
r/e = F(1,1; 10) = 0,57;
V = F(1,1; 10) = 0,52;
BH3HanaeMo yTOHHeHe 3HaneHHa onopy BepTHKanbHHx Ta roprooHTantHHx 
eneKTpogiB.
na -  KintKicTt eneKTpogiB no goB^HHi oö’eKTy.
3 + 2aa = = 2,5 M.
0 4 2 • T2
Rt =y 0—  p - Kce3.r lg— f , (7.8)
Ln -Vz b • t
0 4 2 • 222Rt =--- ,------ 100 • 2 ,3lg--------- -------= 18,05 Om.




Rr = — 45—  = 7,89 Om.
B 10 • 0,57
BH3HanHMO âKTHHHHH onip 3n:
d R b • R r
R y $ =  t + t  , (7.10)
R3y $ = 7,89-18,05 = 5,49 Om.
337 $  ■ 7,89 +18,05
R 3y$ (5,49) < R 3y (10) Om.
YMOBa BHKOHyeTtca, 3  ^ o ro  caigye Te rn,o, 3n  e ê eKTHBHHM.
3 m h . A p K . N  d o K y M . n i d n u c ß a m a
M P 5 .8 .1 4 1 .3 76  n 3
A p K .
8 OXOPOHA nPATTT
OxopoHa npa^, aöo BHpoÖHHaoi 6e3neKH, Ha gepeBooöpoÖHHx 
nignpHGMCTBax cnpaMoBaHa Ha 3aöe3neaeHHa 3gopoBHx i 6e3neaHHx yMOB npa^ i 
aBaae coöoro CHCTeMy 3aKoHogaBHHx aKTiB, co^aabHo-eKoHoMiHHHx, 
opram3a^ÖHHx, TexmaHHx i aiKyBaabHo-npo^iaaKTHHHHx 3axogiB Ta 3acoöiB, 
rn,o 3aöe3neayroTb 6e3neKy, 3Öepe:«:eHHa 3gopoB'a i npa^3garaicTb arogHHH b  
n p o ^ c i npa^.
OxopoHa npa^  BHaBaae i BHBaae Mo^aHBi npHHHHH b h p o ö h h h h x  Hern,acHHx 
BHnagKiB, npo^eciÖHHx 3axBoproBaHb, aBapiö, BHÖyxiB, no^e®: i po3poöaae 
CHCTeMy 3axogiB i BHMor 3 MeToro ycyHeHHa ^Hx npHHHH i CTBopeHHa 6e3neaHHx 
i cnpnaTHHBHx gaa arogHHH yMoB npa^. 3 nrnaHHaMH oxopoHH npa^  
Hepo3pHBHo noB'a3aHi i nrnaHHa oxopoHH npnpogn.
CKaagHicTb roo CToaTb nepeg oxopoHoro npa^ 3aBgaHb BHMarae 
BHKopHCTaHHa gocarHeHb i gocaig^eHb öaraTbox HayKoBHx gn^Hnarn, npaMo 
aöo onocepegKoBaHo noB'a3aHHx i3 3aBgaHHaMH CTBopeHHa 3gopoBHx i öe3neaHHx 
yMoB npa^. B gaHHH aac He gHBaaancb Ha BnpoBag^eHHa h o b h x , öiabm 
cynacHHx, öe3neaHHx gaa arogHHH TexHoaoriö, a TaKo^ HopMaTHBHo-npaBoBHx 
aKTiB 3 oxopoHH npa^  3aanmaeTbca öaraTo raay3eö npoMHcaoBocTi, b  aKHx 
TpaBMaTH3M e 3HaaHoro npoöaeMoro. ^  b  noBHifi Mipi BigHocHTbca i go npo^ciB  
gepeBooöpoÖKH.
OcoöaHBicTro cyaacHoro gepeBooöpoÖHoro BHpoÖHH^TBa e 3acTocyBaHHa Ha 
ogHoMy nignpneMCTBi pi3Horo y CTaTKyBaHHa i TexHoaoriaHHx npo^ciB  
(i mBHgKa ix 3MiHa), aKi HepigKo HegocTaTHbo BHBaern, ro,o TaKo ;̂ cnpnae 
BHHHKHeHHro TpaBMaTH3My i npo^eciÖHHx 3axBoproBaHb. BHBaeHHa nHTaHb 
oxopoHH npa^  Ha nignpneMCTBax gae Mo^aHBicTb poöoaHM o c b o it h  
opraHi3a^ HHo-TexHiHHi o c h o b h  6e3neKH npa^, cnocoön i 3acoÖH 3axncTy Big
M P 5 .8 .1 4 1 .3 76  n 3
3 m h . A p K . N s  d o K y M .N s n i d n u c ß a m a
P a 3 p o 6 . PaH/dUKa ß P . npoeKmyBaHHü cucmeMü 
eßeKmponocmaHüHHß cmo/rnpHoeo 
^ e x y  depeBooHpoHßoao 3aBody. 
floncHoBa/bHa 3anucKü
A p K A p K y u i A p K y u i i e
K e p ie H U K nem poBcbKuü M.B 9 8 1 2 7
K o H c y n b m .
C y M ß y ,  E T m 3 - 9 1cH . K o H m p . H u k u 0 o d o B  M .A.
3 a m e e p d u e /leöeduH CbKuü Iß ,
Heöe3neHHHx i raKignHBHx b h p o ö h h h h x  ^aKTopiB npH oöpoö^  gepeBHHH, 
3HH3HTH i BHKnMHHTH BHpoÖHHHHH TpaBMaTH3M i 3aXB0pWBaHH3.
8.1 AHa^i3 Heße3nenHHx Ta mKig^HBHx bhpoöhhhhx (|)aKTopie
AHani3 Heöe3neHHHx i raKignHBHx b h p o ö h h h h x  ^aKTopiB npoBogHMo 
BignoBigHO go rOCT 12.0.003-74. CCET «Heöe3neHHi Ta raKignHBi BHpoÖHHHi 
^aKTopn. KnacH^iKa^a» (gogaTOK 1) [13]. Pe3ynbTarn aHani3y 3aHOCHMO b  
TaÖHĤ W 8.1.
T a ö n H ^  8 .1  -  A H a n i3  H eö e 3 n e H H H x  i  raK ign H B H x b h p o ö h h h h x  ^ a K T o p iB
Ha3Ba





3acoÖH 3axHCTy Ta 
npo^inaKTHKH














npHCTo cyBaHHa Ta 
npHCTpoi









































5 H eg o cT a T H A  
o c B ir a e m c T b  
p o ö o n o r o  M i c ^
B n p o Ö H H n i
n p u M im eH H A
B T o M a ,
TpaBM yBaH H A,
x B o p o ö a  o n e ö ,
3 H H ^ eH H a
n p a ^ 3 g a r a o c T i
n p n p o g H e ,
m T yH H e
o cB iT n eH H a
B ig n o B ig H o  g o
p o 3 p a g y
B H K oH yB aH oi
p oÖ oT H
6 n ig B H ^ e H H a  a ö o
3H H ^ eH H a  
T e M n e p a T y p n  
p o ö o n o i  3 o h h
T e x H o n o r in H e
o ö n a g H a H H a ,
KHiMaTHHHi
yM oB H
B T o M a , n e p e r p iB ,  
n e p e o x o n o g ^ e H H a ,  
3 a x B o p w B a H H a ,  
o Ö M o p o ^ eH H A
C n c T e M a
B e H T H H ^ ii,
o n a n e H H a
7 nig.R H m eH H A  
3 a n n n e H H a  T a  
3ara3oB yB aH H A
n o B iT p a  p o ö o n o i  
3 o h h
T e x H o n o r in H e
oön a g H a H H A
3 a x B o p w B a H H a  
o p r a H iB  3 o p y  T a  
g n x a H H A
C n c T e M a  b h t a ^ k h  
Be H T H H ^ ii
8 n ig B H ^ e H H H  p iB eH b
CTaTHHHoi
eneKTpHKH
T e x H o n o r in H e
o ö n a g H a H H a ,
o g e ^ a ,
B3yTTA.
3aÖ M aH H a  
r o p w H H x  p en o B H H , 
n o ^ a p n ,  
eneK T pH H H e  
B p a ^ e H H a
3a3eM n eH H A ,
o ö p o Ö K a
CHHTeTHHHHX
M a T ep ia n iB
aHTHCTaTHKoM
B ig n o B ig H o  g o  M m r a p o g H o r o  C T aH gapT y O H S A S  1 8 0 0 1 : 2 0 0 7  « C n cT eM H  
M e H e g ^ M eH T y  o x o p o H H  3 g o p o B 'a  T a  3 a 6 e 3 n e n e H H fl 6 e3 n eK H  n p a ^ »  [ 1 4 ]  noB H H H a  
öyT H  n p o B e g e H a  n p o ^ g y p a  ig e H T H ^ iK a g ii  H e ö e3 n eK H  T a o ^ h k h  p ro H K iB , rn,o 
B p a x o B y e  n o B e g iH K y  nrogH H H , H e ö e 3 n e K H , rn,o BHHHKaroTb n o ö n r o y  i  n o 3 a  
p o ö o n H M  M ic ^ M ,  o ö n a g H a H H A  T a M a T e p ia n n  H a p o ö o n o M y  M i c ^ ,  3MiHH b  
o p r a r n 3 a ^ i  T a  c n c T e M i b  ^ n o M y .  T o M y , g g a  o ^ h k h  p roH K iB  y  c ^ e p i  n p o M H c n o B o i  
6 e 3 n e K H , o x o p o H H  n p a ^  T a H a B K o n n m H b o r o  c e p e g o B H ^ a ,  n p o B o g H M o  
eK cnepT H H H  a H a n i3  p roH K iB , npHHHH i m o ^ h h b h x  H a cn ig K iB  B ig c m g K o B y r o T b c a  
B igM oB  ( F M E A  - a H a m 3 ).B H 3 H a n eH H fl p a H r y  ^ a K T o p iB  i  y M o B  n p a g i  n p o B o g H T b c a  
B ig n o B ig H o  g o  K pH T epiiB  o ^ h k h  BHHHKHeHHA H e ö e3 n eK H , H M oB ip H ocT i BHABneHHA  
i  o ^ h k h  3 H a n yrn ,ocT i H a cn ig K iB , g a n i  H aM iH aeTbCfl n e p r o B ic T b  ( b  3 a n e ^ H o c T i  B ig
neBHoro paHry) 3axogiB rn,ogo 3HH ;̂eHHa BnnHBy mKignHBHx i gHCKoM^opTHHx 
yMOB npa^.
PaHrn BHgiB BnnHBy BH3HanaroTbCfl 3a neBHoro ^opMynoro (8.1).
R  = (  A  + B )  x  C , (8.1)
ge A -  o^HKa HMOBipHOcri BnnHBy ( b  öanax );
B -  o^HKa HMoBipHocri BH^BneHHa ( b  öanax );
C -  o^HKa cepöo3HocTi HacnigKiB ( b  öanax ).
T aön n ^  8.2 -  PaH^yBaHHA BHgiB BnnHBy
N o
H a 3 B a
H M oB ipH iC T b
B n n H B y
H M oB ipH iC T b
BHABneHHfl
C e p ö o 3 H o c T i
H a cn ig K iB
P a H r
1 n ig .B H m e H e  
3H an eH H a  
H a n p y r n ,  K opoT K e  
3aM HKaHH3
3 6 9 8 1
2 r  oC T pi KpoM KH, 
m o p cT K iC T t H a  
n o B e p x H i 3aroT oB K H , 
iH CTpyM eH TiB
3 3 1 6
3 P y x o M i nacTH H H
B H poÖ H H H oro
o ö n a g H a H H a
9 8 9 1 5 3
4 P y x o M i M am HHH T a  
M exaH i3M H
3 6 8 7 2
5 P y x o M i BH poÖ H ,
3aroT oB K H ,
M a T e p ia n n
6 7 7 9 1
6 B ig c y T H ic T b  a ö o  
H eg ocraT H iC T b  
n p n p o g H o r o  C B ira a
1 1 2 4
7 H e g o c T a T H a  
o c B r r a e m c T b  
p o ö o n o i  3 o h h




3 2 2 10
9 3öiabmeHHa piBHa 
myMy
7 2 1 11
10 3öiabmeHHa
3anuaeHHa
7 2 1 11
11 nigBurn,eHHa piBHa 
Biöpa^i
5 1 4 24
^ k  öanH M O  3 T a ö a u ^  8 .2  g o  H a ö ö m b m  m K ig a u B u x  i  H e ö e 3 n e n H u x  
b h p o ö h h h h x  ^ a K T o p iB  B ig H o c a T b c a : p y x o M i nacTH H H  B H poÖ H H H oro o ö a a g H a H H a ;  
n e p e c y B a r o T b c a  B u p o ö u ,  3 a ro T o B K u , M a T e p ia a u ; p y x o M i M am u H u  i  M exaH i3M u .
8.2 3axogu 3hh^ hhh HeraTHBHoro Bn^HBy Heöe3nenHHx Ta LUKig.uiBHx
BHpOÖHHHHX (|)aKTO|)iB
3 a x o g u  rn ,o g o  3H H «:eH H a H era T U B H o ro  B n n u B y  O B n O  n e p e g ö a n a r o T b :
-  p o 3 p o Ö K y  i  B n p o B a g « :e H H a  K oM n aeK C H oi M e x a r n 3 a ^ i  T a a B T o M a T r o a ^ i  
B a ^ K u x , m K ig n u B u x  i  m o h o t o h h u x  p o ö r r ;
-  C T B opeH H a 6 e 3 n e n H o i  T exH iK u  i  T e x H o a o r i i ;
-  y c r a H o B K y  3 a n o ö m H u x ,  rn,o c u r a a m 3 y r o T b , ö a o K y B a a b H u x  n p u c r p o iB ;
-  T e x m n r n  p im e H H a  n o  H o p M a a i3 a ^ i  n o B iT p a H o r o  c e p e g o B u r n ,a ,
B u p o Ö H u n o r o  o cB rr a eH H a ;
-  n o n e p e g ^ e H H A  y T B o p eH H a  T a B u g a a e H H a  3 p o ö o n o i  3 o h u  m K ig a u B u x  
p e n o B u H ;
-  3H u^ ;eH H a m y M y , B i ö p a ^ ö ,  3 a x u c T  B ig  m K ig a u B u x  B u n p oM rn roB aH b ;
-  C T B opeH H a i3 o n r o r o n u x  K a ö m  g a a  o n e p a T o p iB , aK i ^ p a ^ w w T b  y  m K ig a u B u x  
y M o B a x , a ö o  g u c T a H ^ H H o r o  K ep yB aH H a;
-  p o 3 p o Ö K y  i  B uroT O B n eH H a K o a eK T u B H u x  T a  r n g u B ig y a a b H u x  3 a c o ö iB  
3 a x u c T y  T a iH .
Ao ê eKTHBHHx 3axogiB Haae^aTb KBaai îKoBaHe npoBegeHHa BCTynHoro, 
Ha poöoaoMy Mic^, nepioguHHoro (noBTopHHfi), no3anaaHoBoro Ta noTOHHoro 
iHCTpyKTamB npa^BHHKiB 3  TexrnKH 6e3neKH. npn poöoTi Ha gepeBooöpoÖHHx 
BepcTaTax HeoöxigHo BHKoHyBara npaBHaa i BKa3iBKH aKi MicTaTbca b 
rOCT 12.2.003-91 CCET «BnpoÖHHae oöaagHaHHa. 3araabHi BHMora 
6e3neKH» [15], a TaKo®: gaa Ko^Horo THny gepeBooöpoÖHoro oöaagHaHHa 
rOCT 12.2.026 -80 CCET «OöaagHaHHa gepeBooöpoÖHe. TexHiKa öe3neKH" [16].
3rigHo go HopM Bei gepeBooöpoÖHi BepcTara i Mexarn3MH noBHHHi Mara 
npncTocyBaHHa i npncTpoi, rn,o BHKaroaaroTb: Mo^aHBicTb cthkohha 3  pyxoMHMH 
nacTHHaMH aöo poöoaHM iHCTpyMeHToM BepcTaTa, BHaiT pmyaoro iHCTpyMeHTy 
aöo fioro nacTHH, a TaKo®: iHinux geTaaefi, noTpanaaHHa B BepcraTHHKa nacTHHoK 
oöpoöawBaHoro MaTepiaay, rn,o BigKHgaroTbca pi^yaHM iHCTpyMeHToM. Ko^eH 
BepcTaT noBHHeH öyra 3aöe3neaeHHfi HagifiHo giroaHM raabMoBHM 
npHCTocyBaHHAM, rn,o 3aöe3neaye 3ynHHKy fioro npoTaroM 2 -  6 ceKyHg 3  
MoMeHTy BHKaWHeHHa gBHryHa.
8.2.1 MiKpoKaiMaT poöoaoro npHMi^eHHH
Ha nignpHGMCTBax Ha caMonoayTTa, CTaH 3gopoB’a arogHHH BnaHBae 
MiKpoKaiMaT bhpoöhhhhx npHMirn,eHb, aKHfi BH3HaaaeTbca giew Ha opraHi3M 
awgHHH TeMnepaTypn, BoaorocTi, pyxoMocTi noBnpa i TenaoBoro
BHnpoMiHWBaHHa. BnpoÖHHHHfi MiKpoKaiMaT, aK npaBHao, Bigpi3HaeTbca 
3HaHHow MiHaHBicTW, HepiBHoMipHicTW no ropH3oHTaai Ta BepTHKaai, 
pi3HoMaHiTHicTW cnoayaeHb TeMnepaTypn, BoaorocTi, pyxoMocTi noBiTpa, 
iHTeHCHBHocTi BHnpoMrnroBaHHa 3aae^Ho Big ocoöaHBocTefi TexHoaorii 
BHpoÖHĤ TBa, KaiMaTHHHHx ocoöaHBocTefi Mic^Bocri, KoHcTpy^ifi cnopyg, 
oprarn3a^i noBnpooÖMrny i3 3oBHimHiM cepegoBHrn,eM.
Aaa nigTpHMKH HopMaabHHx napaMeTpiB MiKpoKaiMaTy B poöoaifi 3oHi 
3acTocoBywTb TaKi ocHoBHi 3axogu Mexarn3a^ro Ta aBToMaTH3au,iro 
TexHoaoriaHHx npo^ciB, 3axncT Big g^epea TenaoBoro BHnpoMrnroBaHHa,
n p n c T p r n  CHCTeM B e H T H a a ^ i,  K o H g n ^ o H y B a H H a  n o B iT p a  i  o n a a e H H a . y  r O C T  
1 2 . 1 .0 0 5 - 8 8  B K a3am  on T H M aab H i T a g o n y c T H M i noKa3HHKH M iK poK aiM aT y y  
b h p o ö h h h h x  n p u M im eH H ax .
C n cT eM H  o n a a e H H a  T a  B e H T H a a ^ i noB H H H i 3 a ö e 3 n e a y B a T H  b  p o ö o a r n  3 0 H i  
b h p o ö h h h h x  npH M irn,eH b BMiCT m K ig a H B H x  p en o B H H  b  n o B iT p i B ig n o B ig H o  g o  
B H M or r O C T  1 2 . 1 .0 0 5 - 8 8  " 3 a r a a b H i c a m T a p H o -r ir ie H iH H i B H M orn  g o  n o B iT p a  
p o ö o a o i  3 o h h " i  "rpaH H H H o g o n y c T H M i K o H ^ H T p a ^ i  m K ig a H B H x  p ea o B H H  B 
n o B iT p i p o ö o a o i  3 o h h " (  N °  4 6 1 7 - 8 8 ,  3aTB. H aK a3oM  M O 3  y K p a iH H ) [ 1 7 ] .
8.2.2 Heöe3neKa ypa^eHHH eaeKTpHHHHM crpyMOM ^pa^roroHO^o nepcoHaay
B ig n o B ig H o  g o  e a e K T p o ö e 3 n e K H , ^ x  B ig H o c a T b  g o  K a T e r o p ii  3 n ig.B H m e H o m  
H e ö e 3 n e K o w  (  2  K a a c  ).
^ a a  3axH C T y poöiT H H K iB  B ig  y p a ^ e H H a  eaeK T p n aH H M  CTpyM oM  H e o ö x ig H o  
n e p e g ö a n H T H  H a cT y n H i B H M ora:
-  3axH C H e 3 a 3 eM a eH H a , aK e B H K oH yeT b ca  CTaaeBHM H T p yöaM H , 
p o 3 M im eHHMH b  p a g  i  oö 'egH aH H M H  c n o a y a H o i  C M yroro  n o  r O C T  1 2 . 1 .0 0 5 - 8 8  
[ 1 6 ] ;
-  i 3 o a a ^ a  i  o r o p o g ^ e H H a  B c ix  g o c T y n H H x  C T p y M o n p o B ig H H x  aacT H H ;
-  n e p c o H a a y ,  aKHH o ö c a y r o B y e  e a e K T p o o ö a a g H a H H a , B H g ia e r n  3acoÖ H  
r n g H B ig y a a b H o r o  3 a x n c T y ;
-  H aB naH H a B H p o Ö H H a o ro  n e p c o H a a y  n p a B H a a M  T exrnK H  6 e3 n eK H ;
-  o ö c a y r o B y w H H H  n e p c o H a a  n oB H H eH  M a r a  g o n y c K  g a a  p o ö o r a  3 
eaeK T p oycT aT K yB aH H aM ;
-  H a r n n  3 a c T o c o B a H a  c n c T e M a  O aoK yB aH H a, aK a  n e p e g ö a a a e  g o c T y n  g o  
C T p yM oB egyH H x aacT H H  TiabK H  n i c a a  B ig K a ro a eH H a  a n a p a T iB .
C n o c o ö o M  O opoTbÖ H  3 i cT aT H H H ow  eaeK T p H K oro e:
-  3 a 3 eM a eH H a  a n a p a T iB  i  T p y ö o n p o B o g iB ;
-  3 B o a o ^ ;e H H a  n o B iT p a ;
-  oÖ poÖ K a CHHTeTHHHHX M a T ep ia a iB  aHTHCTaTHKaMH.
8.2.3 HopMH ocBirneHHH bhpo6hhhhx nprnvii^eHb
^ hh 3aöe3neHeHHH gocTaTHboi BuguMocTi b BupoÖHuHux, agMiHicTpaTuBHux 
Ta gonoMi^HHx npuMimeHHax npoeKTOBaHoro ^ x y  3acTOCOByeTbca npupogHe Ta 
mTyHHe ocBrraeHHH. npupogHe ocBrraeHHH 3giöcHroeTbcfl Hepe3 BiKOHHi npopi3u 
Ta BiKOHHi ^OHapi. fflTyHHe ocBrraeHHH 3grncHroeTbcH 3a gonoMororo 
MeTanoranoreHHHx naMn Tuny flPH -  250. OcBiTHeHicTb poöoHux Mic^ 
BignoBigae po3pagaMu poöiT 3a CTyneHeM tohhoct 3rigHo CHin 23-05-95.
nocunaroHucb go BuMor mTyHHoro ocBrraeHHH, BignoBigHo CHin 23-05-95 
npHHHtfri HacTynHi HopMH ocBrraeHHa:
-  TexHonoriHHi npuMimeHHa 300 hk.;
-  agMiHicTpaTHBHi npuMirn,eHHH 300 hk.;
-  caHiTapHo-noöyToBi npuMirn,eHHH 75 hk.
OCBiTHeHHa r n n  ^HBuTbcH Big TpaHC^opMaTOpiB BHaCHHX noTpeö. 
TpaHC^opMaTopn 3aöe3neHem: aBToMaTuHHuM BuMuKaHeM pe3epBy npu aBapii Ha 
ogrnö i3 cew ö  3ÖipHux muH. OcBrraeHHH npuMimeHHa 3Pn KoMÖmoBaHe, 
npupogHe 3gificHroeTbca Hepe3 CBiTHoBi npopi3u, a mTyHHe -  nroMmec^HTHuMu 
HaMnaMu i HaMnaMu po3^aproBaHHa.
8.2.4 BuMoru no^e^Hoi' 6e3neKH Ta BHÖyxoHe6e3neHHOcri Ha nignpueMCTBi
3rigHo 3 HAnE E.03.002-2007 «HopMu BU3HaHeHHa KaTeropiö npuMi^eHb, 
öyguHKiB Ta 3oBHimHix ycTaHoBoK 3a Buöyxono^e^Horo Ta no^e^Horo 
Heöe3neKoro» ^ x  BigHocuTbca go KaTeropii «B»: piguHu 3 TeMnepaTyporo 
cnanaxy napiB Burn,e 61° C; roproHi nuH aöo BoHoKHa, hu^ hh Me^a BuöyxoBocTi 
hkux noHag 65 r/M3 go oö'eMy noBrrpn; peHoBuHu, 3gaTHi TiHbKu ropiTu npu 
B3aeMogii 3 Bogoro, KucHeM noBrrpn aöo oguH 3 ogHuM.
no^e^Ha Heöe3neKa Ha r n n  oöyMoBHeHa HaaBHicTro b B^uBaHoMy 
eHeKTpooÖHagHaHHi roproHux i3oH^iÖHux MaTepianiB. BciHHKi HaKu i 
KoMnayHgu, i3oH^iÖHe (TpaHc^opMaTopHe) MacHo, öiTyM, Kam^onb, cipKa i pag 
iHmux eHeKTpoi3oH îÖHux i KoHcTpy^iÖHux MaTepianiB e roproHuMu i
n o® ;e^ O H e6e3n eH H H M H . H a f i 6 i a b m y  n o ^ e ^ H y  H e 6 e 3 n e K y  n p e g c T a B a a w T b  M a c a o  
H a n o B H ern  a n a p a r a  -  T p a H c ^ o p M a r o p n , öaK O Bi BHM HKaai b h c o k o i' H a n p y r a ,  a  
TaKO^; K a 6 e a i  3 n a n e p o B o w  i 3 o a ^ i e w ,  n p o c o a e H o i  M a c a o K a r n ^ o a b H H M  c K a a g o M . 
A y ® £  H e 6 e 3 n e a m  b  n o ^ e ^ H o M y  B ig H o m e H H i K a 6 e a i  b h c o k o i' H a n p y r n  3 
n a n e p o B o w  i 3 o a ^ i e w ,  n p o c o a e H o i  K O M nayH goM , n p o K a a g e H i B ig K p m o  b  
n p H M i^ e H H i a 6 o  b  K a 6 ea b H H x  c n o p y g a x .  3 a x o g n  3 n o ^ e ^ H o i  n p o ^ ia a K T H K H  
n o g ia a w T b c a  H a o p r a r n 3 a ^ f im ,  T e x m a r n ,  p e^ H M H i T a e K c n a y a r a ^ f i r n .
O p r a H i3 a ^ f iH i  3 a x o g n  n e p e g 6 a a a w T b  n p a B H a b H y  e K c n a y a r a ^ w  M am H H  i 
B H y T p im H b o 3 a B o g c b K o r o  T p a H c n o p T y , n p a B H a b H e  yT pH M aH H a 6 y g iB e a b ,  
T e p m o p i f i ,  n p o T H n o ^ e ^ H H H  iH C T pyK T a^  poöiT H H K iB  i  c a y ^ o B ^ B ,  o p r a r n 3 a ^ w  
g o ö p o B ia b H H x  n o ^ e ^ H H x  g p y ^ H H , n o ^ e ^ H o - T e x r n a H H x  K o M ic ifi, B H gaH H a  
H aK a3iB 3 nH TaH b n o c n a e H H a  n o ^ e ^ H o i  6 e3 n eK H  i t . g .
A o  T exH iH H H x 3 a x o g iB  H a a e ^ a T b :  goT pH M aH H a n p o T H n o ^ e ^ H H x  n p a B H a ,  
H opM  n p n  n p o eK T y B a H H i öygH H K iB , n p n  B aam T yB aH H i e a e K T p o n p o B o g K H  i 
ycT aT K yB aH H a, o n a a e H H a , B e H T H a ^ i i ,  o c B n a e H H a , n p a B H a b H o r o  p o 3 M iw ,eH H a  
o ö a a g H a H H a .
A o  3 a x o g iB  p e ^ H M H o r o  x a p a K T e p y  B ig H o c H T b ca  3 a 6 o p o H a  K ypiH H a b  
HeB C T aH oB aeH H x M i c ^ x ,  B H po6H H ^ T B a e a e K T p o 3 B a p w B a a b H H x  T a r n m n x  
B o rH eB H x  p o ö iT  b  n o ^ e ® ;o H e 6 e 3 n e H H H x  n p u M im eH H a x  i  iH.
E K c n a y a r a ^ f iH H M H  3 a x o g a M H  e  c B o e a a c r n  n p o ^ ia a K T H H H i o r a g g n ,  p e M o r n u  i 
B H n p o ö y B a H H a . 3  M e T o w  3 a n o 6 ir a H H a  n o ^ e ^ i  H a  r i  111 B H K o H y w T b ca  H a cT y n H i 
3 a x o g n :  a )  o Ö M e^ eH H a  K iab K ocT i r o p w a n x  p ea o B H H  i i x  H a a e ^ H e  p o3M iw ,eH H a;  
6 )  i 3 o a ^ i a  3afiM H C T ow  c e p e g o B H w g ;  b )  3 a n o 6 ir a H H a  n o m n p e H H W  n o ^ e ^ i  3 a  
M e ^ i  B o r a n r n g ;  r )  3 a c T o c y B a H H a  3 a c o 6 iB  n o ^ e ^ o r a c i H H a ;  g )  3 a cT o cy B a H H a  
K o H c T p y ^ if i  b h p o 6 h h h h x  o6 'eK T iB  3 peraaM eH T oB aH H M  M e ^ e w  i x  B o r a e c T if iK o c T i  
i  r o p w a o c T i ;  e )  e B a K y a ^ a  a w g e f i  H a B H n a g o K  n o ^ e ^ i ;  ^ )  3 a cT o cy B a H H a  3 a c o 6 iB  
K oaeK T H B H oro T a r n g H B ig y a a b H o r o  3 a x n c T y  B ig  B o r a w ;  3 )  3 a cT o cy B a H H a  3 a c o 6 iB  
n o ^ e ^ H o i  c n r H a a i 3 a ^ i  T a  3 a c o 6 iB  c n o B iw ,e H H a  n p o  n o ^ e ^ y ;  i )  o p r a r n 3 a ^ a  
n o ^ e ^ H o i  o x o p o H H  o 6 'eK T a  (n p r o H a a e H H a  o c i 6 ,  B ig n o B ig a a b H H x  3a  n o ^ e ^ H y  
6 e 3 n e K y ;  k )  o p r a r n 3 a ^ a  n p o T H n o ^ e ^ H o i  n igroT O B K H  ( n p o T H n o ^ e ^ H i  rncT pyK T a^ :
i  3aH aT T a 3 n o ^ e ^ H O -T e x H iH H o r o  M iH iM yM y) B c ix  n p a ^ B H H K iB  r n n ;  
a )  o p r a r n 3 a ^ a  H a o ö 'eK T i g o ö p o B ia b H y  n o ^ e ^ H y  g p y ^ H H y  T a n o ^ e ^ H O  - 
TexH iH H O i K o M ic ii;  m )  B cT aH oB aeH H a n p o r a n o ^ e ^ H o r o  p e ^ H M y  i  nocT iÖ H H H  
K oH T p oab  n o r o  goT pH M aH H a B ciM a  n p a^ B H H K aM H  n ig n p n e M C T B a  (p e ^ H M  n a a iH H a , 
3 Ö ep ira H H a  c h p o b h h h  i  n p o g y w i ,  n p o B e g e H H a  B o r a e B H x  p o ö iT  T a iH .);  
h )  n e p e B ip K a  CTaHy n o ^ e ^ H o i  6 e3 n eK H  o ö 'eK T a , H aaB H ocT i T a  c n p a B H o c T i  
T exH iH H H x 3 a c o ö iB  ö o p o T tÖ H  3 n o ^ e ^ a M H , 6 o e 3 g a T H ic T W  n o ^ e ^ H o i  o x o p o H H .
8.2.5 HopMyBaHHH myMy Ta Bißpa^i' Ha poßonoMy M ic^
f f ly M  H o p M y e T b c a  H a p o ö o n n x  M i c ^ x  B ig n o B ig H o  g o  ^ e p ^ C T a H g a p T y  
1 2 .1 .0 0 3 - 8 3 .  B ig n o B ig H o  C H i n  2 3 - 0 3 - 2 0 0 3 ,  n e p e g ö a n a w T b c a  3 B y K o n o r a H H a a b H i  
K o ^ y x H , 3 o B H im H a  n o B e p x H a  aK H x n oK p H T a m a p o M  n p o T H B o m y M H o i MacTHKH  
N  5 8 9 .  ^ a a  n e p c o H a a y ,  ^ o  o ß c a y r o B y e  H a ö ß ia b m  ry H H e o ß a a g H a H H a ,  
n e p e g ß a H e m  c n e ^ a a b H i  H aBym H HK H  3 r O C T  1 2 . 1 .0 0 3 - 8 3  (  13 3M rnaM H 1 9 8 9  p . ) ,  
a  T aK o^; a iK y B a a b H o  - n p o ^ ia a K T H H H i 3 a x o g n  (n p o B e g e H H a  p e r y a a p H H x  
M e g o r a a g iB  - H e p ig m e  1 p a 3 y  H a p iK ).
P o 3 p i3 H a w T b  r ir ie H iH H e  T a T exH iH H e H opM yB aH H a B i ß p a ^ i .  n p n  r ir ieH iH H o M y  
H opM yB aH H i p e r a a M e H T y w T b c a  B ig n o B ig H i yM oB H  B ig H o c H o  3 a x n c T y  B ig  B i ö p a ^ i  
a w g H H H , a  n p n  T exH iH H oM y - B ig H o c H o  3 a x n c T y  M am H H , ycT aT K yB aH H a, 
M exaH i3M iB . ^ i i  B i ö p a ^ i ,  aK a  M o ^ e  n p r o B e c r a  g o  i x  n o m K o g n e H H a  h h  
n e p e g H a c H o  B H x o g o M  3 a a g y .  O c h o b h h m h  HopM aTHBHHMH goK yM eH T aM H  3 
o x o p o H H  n p a ^  c t o c o b h o  B i ö p a ^ i  e  T O C T  1 2 . 1 . 0 1 2 - 9 0  T a 3 . 3 . 6 . 0 3 9 - 9 9 .
^ i a  B i ö p a ^ i  H a o p ra H i3 M  arogH H H  3 a a e ^ H T b  B ig  TaK Hx xap aK T ep n cT H K :  
iH T eH cH B H ocT i, c n e K T p a a b H o r o  c K a a g y ,  T p H B a a o cT i B n a H B y , H an p aM K y g i i .
3 a x n c T  B ig  B i ö p a ^ i  n e p e g ö a H a e :
-  3 a c T o c y B a H H a  B i6 p o 6 e 3 n e H H H x  M am HH ;
-  3 a c T o c y B a H H a  3 a c o ö iB  B i6 p o 3 a x n c T y ,  rn,o 3 H H ^ y w T b  B n a H B a e  H a  
^ p a ^ w w H H x  B i ö p a ^ r o  H a m a a x a x  n o m n p e H H a ;
-  npoeKTyBaHHa TexHoaoriaHux npo^ciB  i BupoOHuaux npuMirn,eHb, rn,o 
3aöe3neayroTb goTpuMaHHa camTapHux HopM Biöpagii Ha poöoaux M ic^x;
-  opram3a^mHO-TexmHHHMH 3axogaMu, cnpaMoBaHuMu Ha noainmeHHa 
eKcnayaragii MaiiiMH, cBoenacHHH ix peMOHT i KoHTpoab Biöpa^HHux 
napaMeTpiB;
-  po3poÖKOW pa^oHaabHux pe®uMiB npa^  Ta BignoauHKy;
-  oÖMe®eHHa napaMeTpiB Biöpagii poöoaux M ic^ i noBepxHi KoHTaKTy 3 
pyKaMH poöiTHHKiB, Buxogaau 3 $i3ioaoriaHux BHMor, aKi BuKaroaaroTb 
Mo®auBicTb BuHuKHeHHa BiöpagiHHoi xBopoöu.
8.3 Po3paxyHOK mTynHoro ocBiraeHHH ^ x y
y  BupoÖHunoMy npuMimeHHi 3 po3MipaMu A x ß  i b u c o t o w  H  poöoaa 
noBepxHa nepeöyBae Ha BucoTi hp =0,8 m . c t o c o b h o  nigaoru, a BucoTa ycTaHoBKu 
CBiTuabHuKiB c t o c o b h o  cTeai cTaHoBuTb hc =1,2 m .
Po3paxyBaTu ocBiTaeHHa ^ x y  MeTogoM Koe^i^eHTa BuKopucTaHHa rn,o 
cTBopwe Ha poöoarn noBepxHi HopMoBaHy ocBnaemcTb E . K oe^^ ieHT 3anacy 
k  =  1 ,1 . iHmi napaMeTpu 3a3Haaem b  Taöau^ 8.3.
T a ö a u ^  8.3 -  napaMeTpu gaa po3paxyHKy ocBiTaeHHa
Po3Mip
^ x y ,









Pcm, Pc , Pp
20x15 5 300 50, 30,10
Bu3HanaeMo BigcTaHb Mi®; cBiTuabHuKaMu b  eaeMeHTapHoMy noai:
L  =  Ä C ■ h , (8.2)
ge Xc -  BigHocHa BigcTaHb Mi® cBiTuabHuKaMu;
h -  po3paxyHKoBa BucoTa ^ o  Bu3HaaaeTbca ^opMyaoro:
h = H -  hp  -  hc , (8.3)
BHKopncTOBywHH ^opMyny (8.2) Ta (8.3) 3HaögeMo:
h = 5 -  0,8-1,2 = 3 M.
npHHMaeMO gna CBiraabHHKa LED Xc =1,6.
L =  A c • h, =  1,6 • 3 =  4,8 m .
3HawHH po3Mip eneMeHTapHoro CBiraoBoro noaa, BH3HanaeTbca po3Mirn,eHHa 
CBiTHnbHHKiB y npHMi^eHHi 3 ypaxyBaHHaM «npaBHaa TpeTHH»:
KinbKiCTb CBiTHnbHHKiB NA y3goB ;̂ goBroi cropoHH A:
Na = A - 2 3  + 1, (8.4)
I = 1 • L, (8.5)
A _ 2 • L
, r A 2 3 i A 2L A 1
A L L 3 L L 3
Ar A 1 20 1 t ^
N a =  — + — = -----+ — = 4,1 * 4 fflT.
A L 3 4,8 3
BHKopncTOByroHH aHaaorinHy ^opMyay (8.6) 3HaögeMo KiabKiCTb 
CBiTHnbHHKiB Nb y3goB:«: KopoTffloi cropoHH B:
Ar B -  2 • i  4 B 2L B 1
B L L 3L L 3
Ar B 1 15 1 „ , „N o =  + — = ----- + — = 3,1 * 3 fflT.
B L 3 4,8 3
3aranbHa KiabKiCTb CBiraabHHKiB y npuMimeHHi:
N  =  4  • 3 =  12 m r.
Po3paxoByeMO BigcTaHb Mm: CBiranbHHKaMH:
B3goB^; ctopohh A:
, A - 2  • l a
La = - J A - t  (88)
l  =  1  • L a  (8.9)
A  _  2 ^
La = ------- ^  = — ----------2L^  = 3 A  = -----A ----- (8.10)
A N a  _  1 N a  _  1 3(N a  _  1) 3 N a  _  1 N a  _  1/3 v 7
r 20
L Ä = --------- = 5,45 m.
A 4 _ 1/3
BHKopncTOBywHH ^opMyny (8.9), 3HaögeMo BigcTaHb Big CBiTHnbHHKiB go 
CTiHH b  pggy:
l a =  -  • 5,45 = 1,8 m.
a 3
B3goB^; ctopohh B po3paxyeMo BHKopncTOBywHH aHanorinrn ^opMynn 
(8.10):
L  = - ^ -
B N b  _  1/3
Lp, =  — ——  = 5,62 m. 
b  3 _ 1/3
BigcTaHb Big CTiH go nepmoro pggy:
le =  1 • 5,62 = 1,87 m.
Po3paxoByeMo Koe^^ ieHT BHKopncTaHHA CBiraoBoro noToKy q:
V  =  Vc • V n , (8.11)
ge -  KK^ CBiranbHHKa 93 % (öepeMo 3 TexHiHHoi xapaKTepncTHKH CBiranbHHKa 
LED );
-  KK^ npHMirn£HHfl. BiH 3aae^HTb Big rany CBiraabHHKa (öoro KK^ i 
KpHBOi cnan CBiTaa), Koe^^ieHT BigÖHrra CTeai, CTiH, poöoaoi noBepxHi 
npuMimeHHa i Big iHgeKcy npHMimyHHa, mo BpaxoBye cniBBigHomeHHa naomi 
npuMimeHĤ , bhcoth i öoro $opMH:
BH3HanaeMO mgeKC npHMimyHHa:
i = A x B , (8.12)
h( A + B)
ge A i B -  mnpHHa h goB^HHa ocBiTaroBaabHoro npHMiineHHa
i = 15 x 20 = 2
3(15 + 20)
BroHanaeMo Koe^^ieHT BHKopncTaHHa CBiTaoBoro noToKy.
OpieHToBHe 3HaaeHHa Koe^^ieHTa BigÖHiaa noBepxoHb pcmem = 50%, 
pcmiH = 30%, pmdmzu = 10%. 3rigHo go Taöan^ 3 [5] 3araabHHÖ Koe^i^eHT 
BHKopncTaHHa CBiTaoBoro noToKy CTaHoBHTb ijn = 59%.
l  =  l c  % n = 0,93 • 0,59 = 0,55
BH3HanaeMo CBnaoBHÖ noTiK aaMnn, HeoöxigHHÖ gaa 3aöe3neaeHHa 3agaHoi 
MiHiManbHoi ocBiTaeHocri:
0 p = E 'S  •Z •k ’ (8.13)N •%
^  300 • 300 •l -1,10 n = -------------- — = 15000 aM.
p 12 • 0,55
ge 0 c -  po3paxyHKoBHfi CBtiaoBHÖ noTiK aaMnn, hm;
E -  HopMoBaHe 3HaaeHHa ocBiTaeHocri;
S -  naoma poöoaoi noBepxHi; 
z -  Koe^^ieHT MiHiMaabHoi ocBiTaeHocri z=1; 
k -  Koe^^ieHT 3anacy, k = 1,1; 
n -  KiabKicTb CBiraabHHKiB;
1]e -  KOe^^ieHT BHKOpHCTaHHa CBiTaOBOrO nOTOKy.
3HaneHHa z gaa OCBiTaroBaabHHx ycTaHOBOK, y aKHx MO^Ha He BpaxOByBara 
3aTeMHeHHa yCTaTKyBaHHaM poöohhx Mi^ b, 3aae:HTb Big BigHOmeHHa L/h.
^ a a  CBiTHnbHHKa 3 giOgHHMH aaMnn rany LED peKOMeHgyeTbca z=1, 
KOe^^ieHT 3anacy, aKHH BpaxOBye 3HH:eHHa OCBiTaeHOCTi b npO ^ci 
eKcnayaTagii b pe3yabTaTi 3MeHmeHHa CBiTaOBOrO nOTOKy g :ep eaa  CBiTaa b 
npO ^ci rOpiHHa, 3HH:eHHa KK^ CBiTHabHHKiB y pe3yabTaTi 3aöpygHeHHa CTiH i 
CTeai npHMi^eHHa k =1,1.
PO3paxyBaBmn CBnaOBHH nOTiK aaMnn, 3HaroaH ii ran , 3a Taöan^ro 
gOgaTKa A [5] OÖnpaeMO nOTy:HicTb P m CTaHgapTHOi aaMnn TaK, m,OÖ CBiTaOBHH 
nOTiK oöpaHoi aaMnn gopiBHWBaB aöo Bigpi3HaBca Big po3paxyHKOBoro He 
öiabme Hm: Ha - 10... +20%.
BnönpaeMO CBiTHabHHKa 3 giogHHMH aaMnn rany LED 3 CBrraoBHM 
noTOKOM 0 m = 15750 hm. BigxaaeHHa CBiTaoBoro nOTOKy oöpaHoi aaMnn Big 
po3paxyHKOBoro CTaHOBHTb. M i^ e  pO3TamyBaHHa LED CBiraabHHKiB gaa 
CTOaapHOrO ^ x y  cnpOeKTOBaHO y gOgaTKy
0  -  0
ö =  — ----- p  • 100%, (8.14)
0 p
ö = 15750-15000 1 0 0 % = +4>7%
15750
^  BigxnaeHHa ae:HTb b giana3OHi -10... +20% i CBiganra npO npaBHabHHH 
BHÖip KiabKOCTi Ta nOTy:HOCTi CBiraabHHKiB.
Bn3HanaeMO 3araabHy BCTaHOBaeHy nOTy:HicTb OCBnaroBaabHOi ycTaHOBKH:
PBcm = N  ■ P.U , (8.15)
ge Pn -  nOTy:HicTb aaMnn, Bt
Pccm = 12 -150 = 1800 Bt.
9 I K O I I Q M i m i E nüPIB H H H H H  Ü CBIT^EH H H  ^ X Y  n P H  
BHKÜPHCTAHHI ^B Ü X  PI3HHX T H n iB  C B ITH ^bH H K IB
n p o B e g e M O  n o p iB H a a b H H H  a H a a i3  gB O x  B a p ia m iB  CHCTeMH ocB iT a eH H a :
1. ^ a a  o c B iT a eH H a  ^ x y  B H K op n cT O B yroT b ca  CBrraabHHKH T H n y r c n  i3  
M eT aaraaoreH H H M H  aaM n aM H  ^ P H - 2 5 0 ;
2 . ^ a a  o c B iT a eH H a  ^ x y  B H K op n cT O B yroT b ca  CBrraabH H K H  i3  C B irag iogH H M H  
aaM n aM H  T H n y L E - C G Q - 2 2 - 1 6 0 - 0 5 9 0 - 6 5 X .
^ a a  n p o B e g e H H a  n o p iB H a a b H o r o  a H a a i3 y  n p n  B H K opncT aH H i g B O x  p i3 H H x  
TH niB  CBiTHHbHHKiB H eO Ö xigH O  3H3HTH nO BH i BHTpaTH H a B n p O B a g ^ S H H a  gaH H X  
3 a x o g iB  T a  3 g iö c H H r a  i x  n o p iB H a H H a .
^ k  3a3H aneH O  BHrn,e, g a a  p o 3 p a x y H K iB  CHCTeMH o c B iT a eH H a  Ö y a o  o ö p a H O  2  
T H n n  CBiTHHbHHKiB: r c n  i  L E ,  i3  aaM n aM H  B ig n o B ig H O  ^ P H - 2 5 0  i  L E D .  y  
T a ö a n ^  9 .1  H a B eg eH i T e x m n m  xapaKTepH CTH KH  ^ H x  o cB rr a ro B a a b H H x  n p n a a g iB .






Tnn aaMnn ^PH - 250 LED
noTy^HiCTb (Pn), B t 250 150
CBiTHOBHH noTiK aaMnn 
( 0 n ), aM
20000 15750
KiabKiCTb aaMn y
CBiTHHbHHKy ( n ), fflT. 1 1
TepMiH cay^ÖH, rogHH 10000 50000
M P 5 .8 .1 4 1 .3 76  n 3
3 m h . A p K . N s  d o K y M .N s n i d n u c ß a m a
P a 3 p o 6 . Q a ö p u n a  ß . P . npocKmyöaHHü cucmcMU 
c/iCKmponocmaHaHHZ cmo/npHoeo 
p exy  depeßooHpoHHoao 3aßody. 
noüCHtoßa/bHa 3anucKa
A p K A p K y u i A p K y u i i e
K e p ie H U K n em p oß cb Ku ü  M.B. 1 1 3 1 2 7
K o H c y n b m . M aneHKO O.M.
C y M ß y ,  E T M 3 - 9 1 CH .  K o H m p . H u k u 0 o p o 6 M.A.
3 a m e e p d u e fle ö e d e H C b K u ü  i.A
^aa nopiBHaabHoro aHaai3y öyao oöpaHo CBrraabHHK LE noTy^Hic™ 
150 Bt i3 CBiTogiogHHMH aaMnaMH, Ta cbEhobem noTOKOM ®n = 15750,
onnpawHHCb Ha OTpHMam po3paxyHKH.
BHKopncTOBywHH ^opMyay (2.32) 3rigHo nyHKTy 2.4 gaa BH3HaaeHHa 
HeoöxigHoro CBiTaoBoro noTOKy CBiTHHbHHKa LE:
^  =  Ê S - k ^  =  300 ■ 300 ■!,! - 1 =  1 5 0 0 0  ̂ m
c J]e ■ N 0,55 ■12
ge 0 C -  po3paxyHKOBHH CBrraoBHH noTiK aaMnn, hm;
EHOPm -  HopManbHa ocBrraemcTb poöoaoi noBepxHi npHMirn,eHHa, (300 hk.);
S -  naorn,a npHMirnyHHa, (300 m2);
k -  Koe^^ieHT 3anacy, gaa CBiTogiogHHx aaMn CKaagae k = 1,1 [7]; 
z -  Koe^^ieHT HepiBHOMipHOCTi ocBiTaeHHa, gaa giogHHx aaMn z = 1 [7];
N  -  KiabKiCTb CBiTHHbHHKiB 3 nyHKTy 2.4 N =12 mT.; 
ije -  Koe^^ieHT BHKopHCTaHHa CBiTaoBoro noTOKy.
Bn3HaaaeMO Koe^^ieHT BHKopHCTaHHa CBiTaoBoro noToKy, onnparoancb Ha 
^opMyay (2.31) 3  nyHKTy 2.4, ge i = 2,85. npa opieHToBaHoMy 3HaaeHm 
Koe^ieHTa BigÖHTTa noBepxoHb Pcmeni = 50%, PcmiH = 30%, Pnidnôu = 10%.
SrigHo go Taöan^ 3  [5] 3araabHHH Koe^^ieHT BHKopHCTaHHa CBiTaoBoro 
noToKy CTaHoBHTb ije = 55 %.
3a ^opMyaow (2.33), BH3HaaaeMo âKTHHHy ocBrraemcTb:
^ 15750 • 0,55 • 12E  =---------- =------- = 315 HK.
* 300 -1,1 -1
Togi 3a ^opMyaoro (2.34) 3HaxogHMo BigxnaeHHa âKTHHHoi ocBiTaeHocTi 
Big HopMoBaHoro 3HaaeHHa:
AE = 315 -  300 -100%=+ 5%
300
nopiBHWWHH HOpMaTHBHe 3HaneHHfl OCBiTneHOCTi 3 âKTHHHHM, MO^Ha 
3poÖHTH bhchobok, rn,o BHKopHCTaHHA naMn LED 3aöe3nenye HeoöxigHy 
ocBrraemcTb poöonoi noBepxHi, npn ^OMy BigxnneHHfl ocBiTneHocri He 
nepeBH^ye gony cthmhx hopm (+20%.... -10%) [2].
KinbKicTb CBiTHnbHHKiB LE, HeoöxigHa gna ocBiTneHHa ^ x y  (cBiT Nceim ), 
BH3HanaeTbca no ^opMyni:
N . = Eh°PM ' S ' k  ' Z (9 1)1 v ceim - , (91)
0 M •n i
HeoöxigHa KinbKicTb cBrranbHHKiB r c n  öyna po3paxoBaHa y nyHKTi 2.4 
BoHa CKnagae Nceim =12 cBrranbHHKiB.
BapTicTb CBiTHnbHHKiB, AKi BCTaHOBnwwTbca b ^ x y  ( ^ ce ), BH3HanaeTbca 
no ^opMyni:
U,a  = (Hc + ■ n ) - N , (9.2)
ge ^  -  ^Ha ogHoro cBiranbHHKa, rpH.;
^  -  ^Ha ogHiei naMnn, rpH.; 
n -  KinbKicTb naMn y cBiranbHHKy, mT.
N  -  KinbKicTb CBiTHnbHHKiB, mT.
BHKopncTOBywHH gaHi Internet Ta npaöc-nHcra 3HaxogHMO ^Hy HeoöxigHHx 
HaM CBiTHnbHHKiB Ta naMn gna hhx, 3BogHMO TaönH^ro 9.2.
T aön n ^  9.2 -  BapTicTb ocBiTnroBanbHoi ycTaHOBKH
Ha3Ba ^ H a, rpH.
1 CBiTHnbHHK r c n 1070
^aMna ^PH - 250 190
2 CBiTHnbHHK giogHHH THny LE 12500
Po3paxyeMO BapTicTb Bcix cBiTHnbHHKiB r c n :
^ ce^C^ = (1070 +190 -1) -12 = 15120 rpH.
Po3paxyeMO BapTicTb Bcix cBiTHnbHHKiB LE:
U,ceLE = 12500 -12 = 150000 rpH.
BapTicTb MOHTa^y cBiTHnbHHKiB BH3HanaeTbca no ^OpMyrn:
^ CT = ^ ycm - N  , (9.3)
ge U'ycm -  ^Ha MOHTa^y ogHoro cBiraabHHKa, rpH.
BHKopncTOBywHH gam Internet Ta npafic-nncTH Ha MOHTâ :. ^H a MOHTa^y 
CBiTHnbHHKa r c n  CTaHOBHTb -  80 rpH., TaKÔ : aK cBrraabHHKa THny LE -  80 rpH. 
PO3paxyeMO BapTicTb MOHTa^y CBrranbHHKiB r c n :
H ’Y C T r c n  =  8 0 '12 = 960 rpH.
PO3paxyeMO BapTicTb MOHTa^y cBiraabHHKiB LE:
^ c t l e  =  80 -12 = 960 rpH.
KinbKicTb eneKTpHHHOi eHeprii, rn,O cnO^HBaeTbca 3a piK (K), BH3HanaeTbca 
nO ^OpMyni:
K = k - Nm - n - N , (9.4)
ge k -  nac poöoth aaMnn 3a piK, rogHH. ^aa aaMn nac poöoth cTaHOBHTb 
2400 rogHH 3a piK.
Nn -  nOTy^HicTb aaMnn, kBt.
CnO^HBaHa eaeKTpOeHepria npn BHKOpncTaHHi cBrraabHHKiB r c n  
cTaHOBHTb:
K r cn = 2 4 0 0  • 0 ,2 5  -1-12 =  7 2 0 0  (KßT/piK)
C no^ H B ara eaeKTpoeHepria n p n  BHKopncTaHHi CBiTHabHHKiB LE:
K l e  = 2 4 0 0  • 0 ,1 5  -1-12 =  4 3 2 0  (KßT/piK)
ßapTiCTt eaeKTpHHHoi eH eprii, rn,o cno^H BaeTbca CBiTHabHHKaMH 3a piK 
( ), BH3HanaeTbca n o  ^opM yai:
^ E Ä  = K  - ^ e n  , ( 9 -5 )
g e  ^ en -  ^ H a  Ha eaeKTpnaHy eH epriw . ^ n =  2 ,7 4  rpH./KBT. [5]
^ a a  CBiraabHHKiB r c n  BOHa CTaHOBHTb:
U,EÄrcn  =  7 2 0 0  • 2 ,7 4  =  1 9 7 2 8  rpH./KBT.
BapTiCTb cno^H BaH oi eaeKTpnaHoi eH eprii g a a  CBiTHabHHKiB LE:
^ EÄ LE =  4 3 2 0  • 2 ,7 4  =  1 1 8 3 6 , 8  rpH./KBT.
B m p a r a  n o  e K cn a y a ra ^ i CBiTHabHHKiB BH3HaaaroTbca n o  ^opM yai:
^ c m .  = G  ^ n  , ( 9 6 )
g e  G  -  BHTpara aaMn 3a n e p io g  po3paxyHKy, mT.
3  ypaxyBaHHaM TepMiHy cay^Ö H  aaMn 1 0 0 0 0  r o g  cepegH bopiaH a B m p ara  
aaMn ^ P H  -  2 5 0  CKaage 6 0  mTyK 3a 2 0  poKiB.
BHTpaTH n o  e K cn a y a ra ^ i CBiTHabHHKiB r c n :
H ’eKcnn.rCn =  6 0 ' 190 = 11400 rpH.
BHTpaTH n o  e K cn a y a ra ^ i CBiTHabHHKiB LE:
^ eKcm.LE = 0 rpH.
BH3HanHM0 noBHi BHTpaTH no BnpoBag^eHHW Ko^Horo 3 BapiarniB no 
$opMyni:
B n =  I J c e  + J J y c m  + J J e ji + ̂ eKcn. , (9-7)
BH3HaHHMo noBHi BHTpaTH no oCBiTHeHHW ^ x y  CBiTHHbHHKaMH THny r c n :
B n r c n  =  15120 + 960 + 20 • 19728 + 11400 = 422040 rpH.
CepegHbopinrn BHTpaTH no ocBrraeHHro ^ x y  CBiTHHbHHKaMH THny r c n  
CKaagaroTb 21102 rpH.
BH3HaHHMo noBHi BHTpaTH no oCBiTHeHHW ^ x y  CBiTHHbHHKaMH THny LE:
BnLE = 150000 + 960 + 20 -11836,8 + 0 = 387696 rpH.
CepegHbopinrn BHTpaTH no ocBrraeHHro ^ x y  CBiTHHbHHKaMH THny LE 
CKaagaroTb 19384, 8 rpH.
PiHHa eKoHoMia no eKcnnyaTagii CBiraabHHKiB LE, Hm: npn BHKopncTaHHi 
CBiTHHbHHKiB r c n ,  CKaagae:
E pm =  B n r c n  -  B n LE , (98)
EpiH = 21102 -19384,8 = 1717,2 rpH.
TaKHM h h h o m , m h  öanHMo, rn,o cepegHbopinm BHTpaTH 3a 3anponoHoBaHHM 
gpyrHM BapiaHToM, t o ö t o  ocBiraeHHA ^ x y  3a gonoMororo CBiTHHbHHKiB 3 
giogaMH THny LE-CCQ-22-160-0590-65X, MeHmi, b  nopiBHaHHi i3 nepmuM 
BapiaHToM ( t o ö t o  ocBrraeHHA ^ x y  3a gonoMororo CBiTHHbHHKiB THny r c n  3 
naMnoro ^PH-250) Ha 1717, 2 rpH.
ToMy eKoHoMiHHo BurigHime BHKopucToByBaTH gga ocBrraeHHA gaHoro ^ x y  
CBiTHHbHHKH 3  giogaMH THny LE-CCn-22-160-0590-65X.
T aön n ^  9.3 -  nopiBHaHHa gBOx BapiarniB ocBrraeHHa
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EneKTpHHHa eHepria, rn,o 








nOBHi BHTpaTH, rpH. 422040 387696
CepegHbopinHi BHTpaTH, rpH. 21102 19384,8
PiHHa eKOHOMia, rpH. - 1717,2
BHCHOBKH
y  p e 3 y a b T a T i H a n n ca H H a  M a r ic T e p c b K o i p o ö o r a ,  B ig n o B ig H o  g o  
n o c T a B a e H o r o  3 a B g a H H a  ö y a o  BHKOHaHO p o 3 p a x y H O K  eaeK T pH H H H x H a B a H T m e H b  
c n a o B o r o  T a  o c B iT a r o B a a b H o r o  e a e K T p o o ö a a g H a H H a , C T o a a p H o r o  ^ x y  N ° 1 ,  
g e p e B o o ö p o Ö H o r o  3 a B o g y .
E y a o  3 g iö c H e H o  p o 3 p a x y H o K  T a BHÖip n e p e p i3 y  K a ö e a iB  p o 3 n o g ia b H o i  
M e p e ^ i  g a a  K o ^ H o r o  3 c n a o B H x  ea e K T p o n p H H M a a iB , a  TaKo®: g a a  o c B n a r o B a a b H o i  
a iH ii .  3 a  p e3 yab T aT aM H  p o 3 p a x y H K y  ö y a o  BH Ö paH o a n a p a T H  3 a x n c r y ,  g a a  
3 a n o ö ir a H H a  n o m K o g ^ e H H a  e a e K T p o o ö a a g H a H H a  y  B H n a g K y  BHHHKHeHHa 
K o p o T K o ro  3aM HKaHHa, h h  n ep eH a B a H T a ^ e H H a .
B n ö p a m  a n a p a T H  3 a x n c T y  ö y a o  n e p e B ip e H o  3 a  o c h o b h h m h  K pH TepiaM H  
3axHCHHK xa p a K T ep n cT H K , 3 y p a x y B a H H a M  p e 3 y a b T a T iB  p o 3 p a x y H K y  CTpyM iB K 3 ,  
T p n ^ a 3 H o r o  T a o g H o $ a 3 H o r o  b  p i3 H H x  T oH K ax M e p e m
y  p o 3 p a x y H K y  n o  g o n y c T H M o M y  B ig x n a e H H r o  H a n p y r n  b  p o 3 n o g ia b H iö  
M e p e ^ i  ö y B  BHKoHaHHH p o 3 p a x y H o K  BTpaT H a n p y r n  b  K a ö e a a x  T a n p o B o g i  g o  
H a ö ö ia b m  n o T y ^ H o r o  i  B ig g a a e H o r o  e a e K T p o n p H H M a a a , aKHM e  $ p e 3 e p H H H  
B ep cT aT .
B  p o 3 g ia i  o x o p o H a  n p a ^  ö y B  n p o B e g e H H H  a H a a i3  H e ö e 3 n e a H H x  Ta  
m K ig a H B H x  ^ a K T o p iB , aK i M aroTb B naH B  H a poöiT H H K iB  B H p o Ö H H a o ro  ^ x y ,  Ta  
3 a n p o n o H o B a H o  B ig n o B ig H i p im e H H a  rn ,o g o  y c y H e H H a  a ö o  M ir n M i3 a ^ i g a H H x  
^ a K T o p iB , p o 3 r a a H y T o  3 a x o g n  rn ,o g o  3 a n o ö ir a H H a  y p a ^ e H H a  eaeKTpHHHHM  
CTpyM oM  o ö c a y r o B y r o a o r o  n e p c o H a a y ,  n p o B e g e H H H  p o 3 p a x y H o K  m T y H H o ro  
o cB iT a eH H a  ^ x y ,  rn,o BHKoHaHHH 3 a  g o n o M o r o r o  C B n a o g io g H H x  CBiTHabHHKiB.
B  eK oH oM iH H ifi nacT H H i n p o e K T y  ö y a o  n p o B e g e H o  eK oH oM iH H e n o p iB H a H H a  
o cB iT a eH H a  ^ x y  n p n  B H K opncT aH H i g B o x  p i3 H H x  T H niB  CBiTHabHHKiB.
C nH C O K  BHKOPHCTAHOI ^ITEPA TY PH
1. P y g H H ^ K H H  B . r .  B H y T p im H b o ^ x o B e  e a e K T p o n o c T a a a H H a . K y p c o B e
n poeK T yB aH H a: H a B a a a b H H H  nociÖ H H K . -  C yM H : B T ^  "Y m B ep cH T eT C b K a  
KHHra", 2 0 0 7 .  -  2 8 0  c .
2 .  n p a B H a a  y a a m T y B a H H a  ea eK T p o y cT a H o B o K . -  X .:  B n g a B H H ^ T B o  « O o p T » ,  2 0 1 7 .  
-  7 6 0  c .
3 . O e g o p o B  A . A . ,  C T apK O B a H .E . Y a e Ö H o e  n o c o ö n e  g a a  K y p c o B o r o  h  
g n n a o M H o r o  n p o e r c r a p o B a H H a  n o  ^ aeK T p ocH a6:«:eH H ro n p o M b im a e H H b ix  
n p e g n p n a T H H : Y a e ö .  n o c o ö n e  g a a  B y 3 O B .-  M .:  3 H e p r o a r o M H 3 g a r ,1 9 8 7 . - 3 6 8  c .
4 .  K a r a a o r  cB eT O T ex H H a ecK o ö  n p o g y ^ H H  Y K p a H H cK o ö  ^ aeK T p oT exH H aecK O H  
K o p ^ o p a ^ H H  « A C K O - Y K P E M » ,  2 0 0 9 .
5 . r .  M . K H o p p H H r, r o .  E . O ö o a e H ^ B ,  P .H .  E ep H M  , B .  M . K p ro a K o B . C n p a B o a H a a  
KHHra g a a  n p oeK T H p oB aH H a ^ aeK T p H aecK O ^ o ocB ern ,eH H a. n o g .  P e g .  r .  M .  
K H o p p H H ra . -  H .: « 3 H e p r n a » ,  1 9 7 6 .  -  3 8 4  c .
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